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FOREWORD

This report was prepared by Vo9ght Corporation , under Naval Weapons

Center Contract N00123.77-C-009~4j ’~ Work Assignment 0008. The program was

ad.intstered and monitored by Mr. James McGuire of NWC. This doc~n~ent is

the final report for the program vhich initiated U October 1977 and continued

I through 1 March 197g..

r The Principal Investigator for this program was Mr. D. B. McBra3rer and

the Technical Project Eng ineer was tfr. R. K. Mshaffey . Principal contributors

to the research and report were Mr. G. R. Courtney and Mr. A. R. T~~~e.
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This report covers the Standard Avionic Module ( SAM ) study performed by

Vought Corporation under Contract N00123-77-C-0091e, Work Ass tgt~ .nt 0008 for

the Naval Weapons Center. The purpos, of this study was to propose the

characteristics of a standa rd modul. based upon the data and conclusions

of previous Navy studies . The proposed module should satisfy th . greatest

majo rity of requir ements en~~erat .d in the fina l reports for those stud ies .

The data base and reference reports were reviewed to dete rm ine those

factors which significantly affect the selected iii. of a standard module.

Each of these factors were analy sed based upon a compilation of dsta from the

report s and conclusions reached on each individua l factor . These factor s arid .‘

the cOnclusion resehed in each ar ea ar.’swmaarissd as follews C
~‘ Functional Comnonali t~; - The packag ing concept should provide for a

aaxim~u of 30 IC’s per modul. to achiev. any savings in total

o~mers hip cost . j
Connector;- The nt~ber of pins required to electrically interface the

modul. into th. system can be estimated by the relat ionship ;

• 3.8 0r,

wh.re 0 .5 8>r >O.52

The connector type should be the WAFt blade and fork with 0.1 inch T
pin spacing.

) Iptegrst.d Circuit Packaging Technology. - Present technolo~ r is l)e-].6

pin IC with an aver age of app roximatel y 18 gates per IC. Th. 1965

technology ii projected to be a ~eO pin IC with an aver age of

approximately 100 gates per IC. The dual-in-Un. pack age will be

more widely used than flatp acks . The chip carrier package can

provid, a higher gat. density package.
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~ Weight and Volume Const rai nts~ The module active area should be greater
1 )

I tha n 10 square inches (mor, than 20 dual-tn-line IC’s) to minimize

effect of overhead volume.

I “ Thermal Considerstions i - Thermal conduction requirements can be satisfied

I
. 

within size limitations set by IC count using D~~ packaging.

~~ Built—In-Test.- The inclusion of BIT increases the complexity and size(.2 .  
) _ .

f ofasystem by l5 to 25%.
I ‘

~~~~.

Belte.bt3.tty Th~ module should contain 27 or less tI~ l6 pin IC’s using

I T’~ logic Xth maximum junction temperatures of 1050C. With junction

temperatures of 85 C, the maximum number of 11~-16 pin IC a can be

increased to 30.

These individual conclusions do not clearly indicate the exact number of
* 

integrated circuits which should be contained on a standard module. However ,

a range of optimum tntegr&ted circuit component capability of between 20 and 30

is indicated. This information along with a compilation of the number of

integrated circuits required for several recommended standard functions resulted

in the choice of 30 integrated circuits for the standard module.

Using 30-16 pin dual-in-line packages and a 100 pin interface connector ,

a ~e.O inch by 6.0 inch module was derived which can provide the desired thermal

and vibration characteristics. This module was compared with other modules

I described in the Data Base reports and was found to be near the mean value of

area, height, width and aspect ratio of the previously proposed modules. A

list of Ie~ potential standard or co~~on functions compatible with the proposed

odule size and taken from the Data Base Reports has been prepared and is

provided.

1.. In th. process of performing this study , several areas of concern in the

r establishment, implementation and maintenance of a successful standard avionic

module program were identified. Resolution of these items should be accomplished

4 . 
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prior to the initiation of the specif ication or design of module hardware.

These items and a recommended method for each of obtaini ng a sati sfactory

resolution are as follows :

(a) D4IJE.W - A thorough analysis of the entire system requirements for

providing sat isfactory protection against the effects of E241/J.24P/V4V should

be accomplished to estab lish the attenuation budget for each level of avionic

packaging such as aircraft skin , rack enclosure, and individual modules. In

addition, the required interface restrictions for electromagnetic radiation,

susceptibility and conduction should be established . It is rec~~~end ed that

a program be initiated to: (1) establish the design requirements, (2) design ,

construct and test a typical system and (3) prepare the applicable DII

specification ,

(b) M&fl~TDIANCE PHU OSOPHY - The maintenance philosophy to be used for

programs using the standard modules should be established prior to the prepa ration
e

of the functional specification for the individual modules. It is recommended

that a program be initiated to establish an overall avionic system maintenance

philosophy and to prepare detail specifications for the individual subsystema

and individual modules .

(c) ENVIR0N?€W~AL - The effects of vibration, humidity and salt-sea

aimosphere on the SAN design concept should be evaluated. It is recommended

that a test program be initiated to perform environmental tests on a typical.

subsystem mounted in an avionic rack. This program can be used to evaluate

various design concepts for the modules as v.1. 1 as the tot al rack insta llation.
S

(s c 7
_ _ _ _  
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1 • 0 INTRODUCTION

‘ This final, report documents the results of a study to establish a proposed

Standard Avionics Module ( SAM ) in conformance with the requirements of Work

Assignment 0008 of Contract N00123-77-C-00914.

The purpose of the study is to postulate standard module characteristics

J which provide high applicability to multiple avionic equipments based upon

information and data provided in he previous reports prepared by various

J companies and government organizations. These reports are divided into two

major groups: (1) Data Base, consisting of 8 reports prepared under Navy con-

tracts or by Navy organizations and primarily containing evaluations of Standard

Electronic Modules (s~4) applications for avionic systems and (2)  Reference

Material , consisting of 6 reports and instructions covering various subjects

related to the standard module concept. These reports are listed in Tables

1-1 and 1-2 for reference. The footnote references herein refer to the

corresponding numbers in the bibliography. The study was conducted in three

primary phases. These were:

(1) Analyze, compile, and summarize data from Data Base and

Reference Material.

(2) Determine and describe module physical characteristics.

(3) Compare postulated module characteristics and capabilities with

modules describ ed in Data Base reports.

The results of each phase of the study are presented, along with all

substantiating data, in the following paragraphs .

L K
1-1

________________________ 
.



Table 1-1
DATA BASE REPORTS

NADC REPORT - “Standard Electronic Module Program, Status Report ”,
May 1976

• HONEYWELL REPORT - “Feasibility Study - Standard Modules for Avionics ”,
June 1976

- NAPI REPORT TR 21146 - “Standard Electronic Modules , FY 1976 Simmary
Report ”, Sept 1976

HONEYWELL REPORT - “Evaluation of Improved Standard Electronic
Modules ( ISE~4 ) for Avionics ” , Oct 1976

• RAY’flIEON REPOR T - “Evaluation of Integrated Electronic Warfare System
Circuit Functions for Standard Electronic Modules (s~.i)”, Feb 1977

NAFI REPORT TR 2173 - “Standard Electronic Modules , An Evaluation of
Three Module Sizes for Potential Standardization ”, March 1977

GEN~~AL ELECTRIC REPORT - “Standard Electronic Module (SEM)
Applications in Advanced Integrated Display Systems (ADS ) Program”,
May 1977

• TELEPHONICS REPORT - “Standard Electronic Module (SEM ) Study of
General Purpose Multiplex System (GPMS)”, Preliminary Dec 1977

1-2 
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I Table 1-2

BEFERE~CE MATER IAL

• IBM REPORT - “Advanced Standard Electronic Module (s~~) Packaging
Trade Off Study ” (November 1975 )

- WESTINGHOUSE REPORT - “Modular Packaging Approaches ” (June l~7E
~ • • D~~~~S! MATER IEL SP!C~~’ICA TIONS AND STANDARDS BOARD REPORT -

“Standard Modules Subpaneh to the Electronics Panel Final Report
(August 1976)

- 

~X)&~ REPORT - “Air Force/ Industry Standard Electronic Module
• Workshops” (Sept 1976 )

NAVMAT INSTRUCTION 39n~) .9 - “Built-In-Test (BIT) Design Guide ”
1. (Sept 1976 )

F~TJG~{E5 REPORT - “Function and Configuration Analysis Program ”
(October i~76)

1.
I:
‘I.

I
I
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2.0 DATA BASE DESCR~~TION

The Data Base and Referer.ce material used during this study consists of

reports and instructions prepar~d and accumulated during prior study efforts.

These documents are tabulated in T*b~es 1—1 and 1—2 . Each report is summarized

in the following paragraphs for reference purposes .

2.1 Data Base Reports

2.1.1 NADC Report, “Standard Electronic Module Program, Status Report”,

May 1976 — This report is the Final Report on ATE Packaging for the Navy

Standard Electronic Module (Sfl4 ) R&D Program. The purpose of this study

was to determine the most efficient packaging enclosure for SEM. The

cor.clusions reached in this study indicate that compatibility with ATE cases

can be achieved by selecting one of 6 approximate module sizes. These 6

sizes are:

Designa tion Heig~it Width

Al 2.75 2.687

Bi 2.75 14.0

Dl 2.75 6.625

1)2 14 6.625

1)14 6.5 6.625

F14 6. 5 9.25

It is also recommended that the ARINC 3/8, ~ and 3/14 Short ATE cases, as well

as a short 1 ATE case (non..~RINc ) be adapted as the standard higher level

packaging for Standard Electronic Modules .

2.1.2 Honeywell Report, “Feasibility Study — Standard Modules for Avionics ” ,

June 1976 — This report presents the results of a study to define Standard

Electronics Modules ( sEM ) whj ~h would reduce the life cycle cost of Navy avionics

2-i
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systems. A single module size of’ 6” x 14” is recommended for use as the SEM .

Information is also provided for functional partitioning of three avionic

systems, the Visual Target Acquisition Set (VT~S), Laser Inertial Navigation

System (LINS ) and the A—7 Digital Flight Control System ( DFCS), into the SF24.

Eleven recommendei SEN functions are defined.

2.1-3 NAFI Report , “Standard Electronic Modules , Fl 1976 Sumn*ry Report ” ,

September 1976 — This report summarizes the module packaging studies accomplished

j ointly by NAFI and NWSC. The study concluded that the improved Standard

Electronic Modules (SEM ) family is the opt~.mum selection for a new module fa mi ly

based upon functional data base analysis , trade-off criteria analysis, cost

bounds analysis and the desireability of retaining packaging compatibility with

the existing SEM program. The functional analysis indicated that a module

with approximately 114 square inches of active cc*nponent mounting area and 100

input/output connector pins will satisfy 95 percent of the standard functions,

ustng dual—in—line packages, included in the study.

The repor t contains data on current and projected microelectronic

device packaging techno1o~ r and information on specific device sizes for use

• in determining the impact of the different device packages on the standard module

size.

2.1.14 Honeywell Report, “Evaluation of Improved Standard Electronic Modules

(ISEM ) for Avionics” , October 1976 - This report presents the results of’ a follow—

on to a prev ious Honeywell study (see “Feasibili ty Study - Standard Modules for

Avionics”, paragraph 2.1.2 herein). The follow—on study evaluated the Improved

Standard Electronic Module (Isn4) to determine the feasibility and desirability

of using the 1SF24 2A module to implement the three avionic systems considered in

the earlier study . This study concluded that a 6 inch by 14 inch SEN is superior

‘-‘ — ‘-I 



!~
‘
~ 

- ---

~

•- 

~~~~~~~~~~~~~~~~~

-,•,

~~~~~~~~~~

•-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- .,-• - - --

~~~~~

- - — -

I
I

to the IS~ t 2A module for most criteria of comparison. This report provides

I information on the partitioning of the three avionic systems addressed in the

original study into functions and circuits compatibl. with ths ISEM 2I~ size .

An evaluation of the AN/UY~-3O microprocessor capability to meet the necessary

operational requirements of systems with high speed data processing ii also

provided .

L
2.1.5 Raytheon Report, “Evaluation of Integrated Electronic War fare System

Circuit Functions for Standard Electronic Modules (~~ N Y ’ , February 1)77 —

This report presents the evaluations and recommendation. for packaging of

future Electronic Wa r fa re (~W ’
~ circuits using ~t.andard Electronic Modules.

Ten circuit functions were selected am candidates for S~~ packaging with detailed
$

analysis being conducted on three or these functions. These three functions were

- 
separ ated into six SEM with (-ho general electrical and interface requirements

determine d and coat estimates presented for each module. Pre liminary

- specification sheets are presented rc’r two of’ the selected SEM candidates.

2.i.’ NAFI Report , “Sta ndard Electronic Modules, An Evaluation of’ Three Module

• Sizes for Potential Standardi:.atton” , ~*rch l’)~7 - This r*port presents the

results of an evaluation or r i v o module o i~ arat ions for packaging of’ the

Modular Digital Scan ~‘onvrrt .or (MP~~~ displAy system dovoloped by hughes Aircraft

Corp. (MAC) for the Air ~“oroe , The five configurat ions tholuded three proposed

standard module configurations, tho origina l flA¼’ ~‘onVi ~nrat ion and the existing

SF)t type IA module . Th. study concluded tha t the improved SEM package yielded

the least system weight *nd volume and prov (dod the highest potentia l inter —

I system functional commonality ‘~~~‘t~

I
I

-
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2.1.7 General Electric Report, “Standard Electronic Module (sF24) Applications

in Advanced Integrated Display Systems (AIDS) Program”, t.~y 1977 - This report r
su~~~rizes the results of a study to investigate the use of the SEN in packaging

the Advanced Integrated Display System (AIDS). Four modules were selected and a

preliminary design of each is provided including mechanical layouts using a

module 14.55 inches in height and 6.75 inches in width.

2.1.8 Telephonics Report, “Standard Electronic Module (SF24) Study of General

- Purpose Multiplex System (GP~~)” , Advance Copy - December 1977 - This report

presents the results of a study to define optimum SEN designs of the General

Purpose Multiplex System (GP1~~). The GPMS has been partitioned into 3 unique

SEMs.
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2.2 Reference Reports

2.2.1 IBM Report , “Advanced Standard Electronic Module (sEN ) Packaging Trade—Off

Study” , November 1975 - This report presents the results of a packaging technolo~ r

trade—off study which compared the existing SF24 configuration with other computer/

processor configurations. The packaging technologies considered were SF24 lA.

SF24 2A , NELC QED , IBM ~iL-l Page and a modified ~~-l Page. The conclusions

reached during this study were:

(a) Dual—in—line packages will be more widely used than flatpacka

(b) The ~ .—l page produces the more efficient package from a

volumetric standpoint

(c) The SF24 2A module offers a cost advantage for dual—in—line

packaging. The modified ~ff~—1 page and the SF24 2A are both cost effective for

flatpack packaging.

2.2.2 Westinghouse Report — “Modular Packaging Approaches”, June 1976 - This

progra m performed atudies to investigate the feasibility, practicality and

impleme ntation of standard electronic modules (SF24 ) for avionics. The studies

included an analysis of past and present module programs , an analysis of present

techno1o~ r and its trend relative to a standard module concept and the compilation

of data concerning standardization . Several conclusions are presented with the

prin*ry ones being:

(a) Functional partitioning by basic mathematical functions shows

promise as an approach for defining SF24 candidate circuits.

(b) Avionics environmental requirements do not pose a significant

problem for SEN design.

(c) ~~jor physical limitation for SF24 will be I/o pin limitations

and component configuration.
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I
(d) The ATR is recommended for the LRLJ configuration. Standard

module sizes can be established to fit the recommended ATR size.

(e) Acqu isition cost is the major part of the life cyci. cost for

a system using SF24. The cost of spares is the major part of the logistic

support cost.

2.2.3 Defense ~~teriel Specifications and Standards Board Report, “Standard

Modules Subpanel to the Electronics Panel Final Report”, August 1976 — The

Standard Modules Subpahel examined the merits, means and long range implications

of the widespread use of Standard Electronic Modules ( sEi4) end examined the

interrelationship between microelectronic devices and the concept of stsnda rd

electronic modules. This report summarizes the results of several other

programs.

2.2.14 EQ & G Report , “Air Force/Industry Standard Electronic Module Workshops”,

September 1976 - This report summarizes the information gathered during several

workshops on standard ele*~tronic modules (SEN) which were held with key

individuals in industry and the military to investigate the technical and

economic feasibility of using SF24 in proposed and existing Air Force systems.

The report includes data and information in the areas of functional partitioning,

mechanical/environmental interfaces, impact of technologies and maintenance

concepts.

2.2.5 NA VMATIIIST 3960.9, “Built-In-Test (BIT) Design Guide”, September 1976 -

This guide provides information covering the aspects of built—in—test (BIT) at

all levels of system design and operation.

2.2.6 Hughes Report, “Function and Configuration Analysis Program” , October

3.976 — The objective of this study was to perform an investigation into the

feasibility, practicability and implementation of a standard electronic module

(SF21) program for avionics. The data gathered , the conclusions reached and
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J
the recommendations made dur ing this study are included in the report. Several[ possible module configurat ions were analyzed with four primar y areas of interest

being : physical characteristics, power capabilities, components and module
L. interface. Th. 7 recosmended module sizes , compatible with ATR packaging,

are :

MAX PO~~R S

CAPABILITY !‘~~~JLE

- 
LRU PACKAGE 110 CON~~CTS (~~TrS) 

- 
}ff~I(2iT WIDTh

1/2 ATR 168 35 3.z40” 5.12 ”
- 

220 9 3.110” 6.50”

3/le AIR 168 65 6.00 ” 5.12 ”
j 220 16 6.00 ” 6.50”

3. AIR 2140 101 6.17 ” 6.91”
300 25 6.17 ” 8.70 ”

• Advanced Techno1o~ r 300 106 5.20” 9.00 ”
• Module -

~~

1~
IT
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I
3.0 FACTORS AFFECTDJG NODULE SIZE

In reviewing the data base reports, several factors which can significantly
S 

affect the size of a standard module became visible. These factors are discussed

in the foUow’ing paragraphs with the quantitative data contained in the data base

reports presented arid the conclusions which have been reached on each factor

based on the data.

3.]. Functional Commonality

The prime factor in establishing and maintaining a successful standard

module program is the identification and implementation of those electronic

functions which can be used multiple times in various avionic subsystems!

equipments. The level of circuit complexity at which the standard function is

defined affects not only the size of the standard package but also the life S

cycle cost of avionic systems. The life cycle cost of an avionic system is

• composed of many separate cost areas . In general , however , the two largest

• cost items during the life of an avionic system are the initial acquisition

cost arid the follow-on support costs arid the functional commonality of the

module significantly affects both of these cost items. Increased functional

coamonality increases the production quantities of a part icular module with

decreas ing individual module costs • The effect of production quantity on the

cost per individual integrated circuit3 is shown in Figure 3.1-1. This figure

compares the acquisition cost of a single integrated circuit slot using different
• module package sizes for a given system. While the specific dollar values may -J

vary for other systems from those shown, the relative cost of the different

package schemes remain approximately the same • These data indicate that the

c~~~~nality of a module has more affect on the cost per Integrated circuit than

does the size of the module.

.
3
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The effect’of the number of gates per module upon the functional common- S

ality of the modules is shown in Figure 3.1-2 . These curves are taken from S

G .E. data contained in the EG~~ report and show that the uniqueness (inverse of

c~~~onality) of a module increases proportional to the number of gates on the

nodule. For instance, for a 100,000 gate CPU wIth 100 gates per module,

approximately 70 percent of the system would be unique (approximately 30 percent

would be functionally co on with other systems of the same type). For this

CPU, as the number of gates per module increases, implyi ng a corresponding

increase in module size, the uniqueness of the module also increases. As the

size appro aches 100,000 gates per module, the module becomes totally unique.

In other words , the total CPU would be contaIned on one card or module. 
S

The savings in total ownership cost of the hardware associated with system

to system functional co onality of the modules on a percentage basis12 is shown

in Figure 3.1—3. This information indicates that the average intersystem module

c~~~onality should be in excess of 140 to 50 percent to offset the cost of

establishing and implementing a SAM program and to achieve cost savings in the

ownership of the hardware . Intersystem commonality less than 35 percent

actually results in an increase in overall system costs.

The estimated Commonality of several module programs3.2 is indicated in

Figure 3.1_ 14. The commonality is shown as a function of the number of flat-

packs which can be mounted on the modules. It should be noted that analog

circuits, in general, provide less c~~ iona1ity than digital circuits wIth the

same number of flatpacks. The digital portion of these data is shown on Figure

3.1-5 wIth the corresponding values of total ownership savings arid shows that

the maximum number of flatpa cks per module which can result in savings in total

ownership of hardware is approximat ely 30 flatpacks.

To verity the validity of the curve in Figure 3.1-5, several potential

standard modules6 were superimposed on the commonality curve . This information

• 3—3
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is shown in Figure 3.1-6. These data , taken from the NAIl TR 2173 report, were

derived tram a study wh ich partitioned the Mughes Digital Scan Converter into

distinct functions which could be packaged within selected module physical

constraints. The packaging analysts was based upon 0.3 square inches per

flatpack and a ‘5~% packaging efficiency. The intersyatem commonality was

estimated for each board or module based upon the function of the board and

experience with other system requirements.

The conclustons reached in the analysis of the effects of functional

c~~~onality is that, based upon the considerations of the data base and reference

studies, the maximum number of integrated circuits which should be provided on

a standard module to realize any cost savings In life cycle costs is 30.

I

• - V
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3.2 Connector Selection

Since both the width and the thickness of the module is essentially

determined by the dimensions of the connector which interfaces electri-

cally between the module and the back plane wiring or mother board , the

selection of the connector including the number of pins and the pin type Is of

paramount importance in determining the size of a standard module.

3.2.1 Number of Pins

Two possible methods of calculating the number of pins required to

interface a functional circuit with the rest of the subsystem are provided by

G.E. in the ~:&~ report.
12 These two methods are (1) based upon the number of

integrated circuits (Ic ) included In the circuit;

NO . PINS - C JIC (kY~. 3.2-1)

where C is between 12 and 18

and (2) based upon the number of logic gates included in the circuit;

NO. PINS . 3.8 Gr (ER . 3.2-2)

where G is the number of gates and r is dependent upon

the functional complexity of the circuit as follows :

1 complex

High

.52 Nominal

.1e6 Low

.1~O Extremely low

These two equations are based upon an empirical function known as

Rent’ s Rule shown in Figure 3.2-1. This is a function evolved15 to estimate

the number of connections required for electronic systems. This function is

valid whether the circuit under consideration is a total functional equipment,

a circuit board or an individual IC. It should be noted that the number of

3-10
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pins determined by this function is not neceaaarily a specific value since the re

S is a probability distribution associated with the result . For these reasons , the

use of this function is, at best, an approximation. Another phenomenon associated

S with this estimation technique is the droop, or decrease in the number of pins,
- S 16as the number of gates in a circuit Increases. Thi. effect has been experienced

in recent years by the increased use of serial and parallel data bus architecture.,

multiplexing techniques, etc. For instance, using multiplexing to its fullest, a
- 
very large, complex computer may require only input power, ground and possibly

a multiplex interface of two pins . However , for the purposes of this study , this

S
. droop effect has not been included in the analysis since the complexity of the

circuits being considered are in the region where linearity in the curve exists.

The two functions discussed in the EG8~ report (Equations 3.2-1 and 3.2-2)

S are shown in Figure 3.2-2 and 3.2-3. Figure 3.2-2 presents the function P — C ~~~~~~

plotted for C — 12 and for C 18. The function, P - 3.8 ~r, is plotted in

Figure 3.2—3 for four values of r; O.~eO, O.~46, 0.52 and 0.58. These two functions

exhibit the same basic shape and, indeed, for the case where r 0.5, C - 16 and

the number of gates per IC is 17.8, the two equations are equal. Since these S

two functions are essentially the same, only the function P - 3.8 Gr will be

used in the remainder of this diicussion. The major difference between this

function and Rent’s Rule is the value of the exponent. To determine the value

of the exponent which should be used for the purposes of this study; several of

the module characteristics described in the varioue Data Base and Reference

S reoorts were plotted on the same figure. These included modules from the Hughes ,

IBM, Ra~rtheon , NAIl TR 21~e6, and Westinghouse reports, Figures 3.2-u through

3.2-8. From this information it can be seen that for existing programs, the

value of r is, in general, between 0.1e6 and 0.52.

3-12
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10The Westinghouse data included information on 9 different equipments

designed and produced by Westinghouse. Detail information was provided on

3 of these units including board by board data on the actual number of IC’ s

and the actual number of pins which were used . This informat ion is shown in

Figure 3.2-9 . The X ’ s on this figure are the design points for the three units

and are the same points for LPU ’s A , B and C from Figure 3.2-8 . For each LRU,

the actual board designs approach the pin limitations rather than being limited

by the number of gates (or integrated circuits) on the board . Pin limitations

rather than component mounting area limitations in the actual design are a

recurring cou~ ent throughout the reports revi ewed .

3.2.2 Connector I~rpe

A a m ~n%*ry of the connector type recommend ed or used in the individual

reports i~ shown in Table 3.2.2-1. Of those reports which recommended or used

a specific connector , the NAFI blade and fork was the overwhelming choice.
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3.2.3 Connect~)r Selection — Conclusion 
-~~

The connector selected for the standard nodule should be the NAFI blade

and fork with a double row of pins and 0.1 inch spacing.

The number of pins required to electrically interface the module into

the system can be estimated by use of equat ion 3.2—2

PINS = 3.8 Gr

with a value of r between 0.52 and 0.58

I

I
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3.3 Integrated Circuit Technolog~r

5 3.3.]. Component Packaging

Several of the report s contained projections of the integrated circuit

- - which might be expected for a standard module program .

The Westinghouse report10 did not project into the 1985 time frame but

provided packaging capabilities in the recommended modular packag ing concept

for DIP, flatpack , bare chips and discrete components.

The Hughes packaging study selected the flatpack conf iguration over

the DIP because:

a. Less weight and volume

b. Fewer modules required

c. Lower mean case operat ing temperatures

d. Resultant lower l i fe  cycle costs

The IBM study9 includ ed trade-offs between the DIP and the flatpack

devices in the areas of volume , man ufactur ing cost/process , future availability

and optimum module sizes. As part of the study a survey was made to project

availability of the integrated circuit packages in the early 1980 time frame.

The companies contacted were :

Advanced Micro Devices ( AMD )

Motorola

Monolithic M~nories , Inc.

Texas Instruments

- Digital Military Marketing

- Linear Marketing

The conclusions reached in the IBM report were :

. Flatpacks offer volumetric advantage

. DIP ’s require less processing to mount and attach

—~~ 
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DIP’s offer cost advantage at component level

I DIP packages will be more widely used than flatpacks

Devices requiring 21~ pins or less will be available in both

I flatpack or DIP

I 
. Devices requiring more than 21I~ pins will be available almost

exclusively in DIP

j • 1~O pin DIP appears to be industry standard for complex devices

Possible introduction of DIP packages in 20 to 80 pin configuration

Larger DIP packages may use staggered lead pattern

The NAFI TR 21Z~6 study
3 examined projected commercial microelectronic

device packaging in the 1980 t ime frame . The projected future usage of the

packages examined, indicated the priority of packages as shown in Table 3.3.1—i

with DIP packages more widely used than flatpacks . The report also concludes

U that the advent of larger large scale integration (L5I) chips will hasten the
! I

S 

- 
increas ed use or other packages such as the leadless carrier.

. The leadless chip carrier and other similar packaging techniques are not

discussed in any significant detail in the Data Base and Reference Reports since
- most were completed prior to the emergence of these technologies. At the present

time, the chip carrier is being actively discussed in the literature with moat

- - of the articles prepared by manufacturers of the devices. The chip carrier is

1. much smaller and weighs less than the DIP , as shown in Table 3.3.1- ” , but there

are several areas of concern in defining , at the present time, a standard module

program for the mid 80’s based upon complete use of a technology such as the

chip carrier. These concerns are :

a. Reliability, thapectability and repair of the solder joints .

b. Power dissipation of a module using high dens ity packaging .

1

I 
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c. Thermal coefficient of expansion dtfferences between chip carrier

and module board if ceramic board is not used. The use of a ceramic board

complicates the assembly of circuits which require discrete components such as

capacitors, resistors, inductors and power transistors. The distribution of

components used in the Integrated Electronic Warfare System (IEWS)5, shown in

Table 3.3.1-3, indicates that i~% of the components may be discretes.

d. Availability of devices in sufficient quantities and at competitive

prices in the market place to enable commitment of a design to the chip carrier. S

This requires resolution of the following factors in a time frame compatible

with the SAM schedule.
S 

- Revision of MIL-M-38510 end other military specifications to

include the chip carrier form factor and to incorporate other

changes as required

- Component manufacturers who are willing to provide IC’s in chip

carrier package and, for military programs, to obtain listing

on Qualified Parts List (QPL )

- A majority of coimnercial end military equipment manufacturers ,

involved in programs not necessarily associated with the standard

module program, who are willing to fund new tooling, test and

assembly equipment and who wili procure chip carrier IC’s in

sufficient quantities and varieties to induce competitive

pricing with DIP ’s.

The satisfactory resolution of these concerns is a difficult and perhaps

lengthy process. Several of the technologies which looked promising in the

recent past such as flip chip and beam lead were not able to overcome these and

other difficulties and none have become widely accepted or used. Although the

chip carrier looks favorable and may overcome the anticipated difficulties by

the 1985 time frame, there is a signiftcant risk associated with a commitment to

establish a standard module program based totally upor the chip carrier techno 1o~ r .
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TABLE 3.3.1-3

1 T COMPONENT DISTRIBUTION S

RAYTHEON REPORT
J FEBRU ARY 1977

CIRCUITS OTHER THAN RF
- . - COMPON.ENT TYP SE PERCENT

I- 1 DIPS 80
FLATPACKS -5

HYBR IDS 5
DISCRETES 10

~~~

- -
I

- I
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p
Since the chip carrier was not addressed in the Data Base or Reference

Material for this study, and to provide a conservative, low risk study result, 
S

the chip carrier and its use will not be addressed in significant detail in

the remainder of this report.

The conclusion reached during this portion of the study is that the

packaging concept which is finally selected for the SAM program must be

compatible with all popular types of component packages including :

D IPS

Flatpacks

Hybrids

Discretes

Leadless Chip Carriers

This capability must be provided to enable the module designer to produce an

acceptable circuit within the considerations of cost , weight, volume, reliability

and availability of components.

3.3.2 Integrated Circuit Packaging Density

Quantitative data on the packaging density, i.e., gates per integrated

circuit, which exists in present day components and the packaging density

projected to exist in future components is included in the Westinghouse, EG8~

and the IBM reports. The Westinghouse report1° provides data on the predicted S

growth in integrated circuit chip density as shown in Figure 3.3.2-1. These

data indicate that the maximum number of gates per chip in 1977 were on the

order of 1500 to 2000 gates and will increase by 1985 to a maximum of approximately

70 K gates. It should be noted that these are a maximum or upper limit and ii not

indicative of the average number of gates per chip. A similar datum is shown in

Curve 14 of Figure 3.3.2-2 taken from the EG8~ report.
12 This figure also indi-

cates that in 1985 the average number of gates per chip will be approximately 100.
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The distribution of the packaging density for electronic equipment (19714)12 is

shown in Figure 3.3.2-3 and indicates that the average number of gates per IC

is 17.8. This estimate is supported by data from other reports. The Proteus

Central Processor and Input/Output9 is a 140,000 gate device with an average of S

17.2 gates per device and dissipating 9.26 milliwatts of power per gate.

Additional data are shown in Tables 3.3.2-1 and Tables 3.3.2-2 from the FX~~
report and the Westinghouse report indicating an average number of gates per

IC of between 9 and 20. From these it must be concluded that an average of about

18 gates per IC is correct and that, further, the EG8~ report data is essentially

correct . An estimat e of the packaging density for equipment in 1986 is shown in

Figure 3.3.2-14 as taken from these same report data. This estimate indicates

that the average number of gates per IC in 1986 W1].1 be 1OLI .

It Is interesting to note that using the equation to estimate pin

count, Eq. 3.2-2,

P INS = 3.8 G05 , 
S

results in the following :

17.8 GATES/Ic 16 PIN IC

1014 GATES/IC 140 ~~~ ic
In other words, the typical IC In present technology is a 16 pin IC containing

approximately 17.8 gates and the anticipated typical IC in 1985 will be a 140

pin IC containing approximately 1014 gates . These characteristics will be used

in the remainder of this report as reference for the typical IC.
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To provide additional assurance that these average values are approximately

correct, a recent design (1977) of a Stores Management Uni t (SMU ) being proposed

for use in the A—7E was examined. The S?’IU is a programmable unit containing

a microprocessor , core memory and associated circuitry and which performs the

logical processing required to apply power to the weapons stations, to cont rol

the release of the weapons when commanded , and to provide weapons systems status

to the cockpit instrument panel. The components specified for the assembly of S

this unit , aside from those included in the procured mes~ry subassemblies ,

include 181 integrated circuits as well as several hybrid thick film modules.

The integrated circuits are distributed by pin count as follows:

97 114 pm

70 16 pin

10 214 pm

3 28 pin

1 140 pm

This dist ribution results in a mean or average of 15.7 pins per integrated -
S

circuit which is extremely close to the above estimate of 16 pins per integrated

circuit . -
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3.14 Weight and Volume Constraint s

S The effects of module size on the weight and volume of an avionic assembly

are not discussed in sufficient detail in the reports to allow a valid anal ysts

J of those effects and a separate ana lysis was performed. For this purpose, a

module was postulated as shown in Figure 3.14-1. The active area (w x H ) is

the space available for mounting of’ components. The other areas of the module

S such as the guide rails, the connector and the back plane are unavailable for

mounting of components but are required as part of the volume of the equipment .

As the size of the board Is varied to increase or decrease act ive area , the

overhead area required also varies but not in linear proportion.

The volume required to package a given system was calculated for various

— size modules. The effects of module size on the system volume for a 100,000 gate

system using 114 pin DIP IC packages is shown in Figure 3.14-2 with the data normal-

ized to that volume which would be required if the module s h e  were similar to

that of the SEM IA. The calculation of’ this curve and those which follow is

based upon an equivalent functional partitioning efficiency for all module sizes ,

a packaging utilization of the available active area of 70%, a board-to-board

spacing of 0.3 inches and a wire wrap backplane. The connector is assumed to be

a double row of pins with spacing of 0.1 inch between pins . The number of pins

required Is determined by: PINS = 3.8 00~c~ The active width of’ the board , W,

is set for this calculation as the width of the connector necessary to provide

the required number of pins . The height of the board is then determined by

dividing the module active area by this width. The IC gate density has been

assumed to be 17.8 gates/IC for present technology and 1014 gates/IC for 1Q85.

To simplify the calculations , the volume of’ the equipment housing walls, bottom

and top , etc., have been neglected .

The calculations , as shown by Figure 3. 14-2, ind i cate that a aignif1 ~’ant

decrease (down to 75%) in volume can be achieved by increasing the module size

I 
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from 2 square inches (SEM IA approximately ) to 10 square inches or more. This

is equivalent to a module assembled with 20-114 pin DIP IC’s. The proportion of

volume decrease as the module size increases above 10 square inches is not as

great since for the smaller area module the overhead volume is more 8igflifiCant.

Also included in Figure 3.14-2 is the quantity of pins In the backplane

which must be connected , or wired, to interconnect the modules. A large decrease

In system wiring, and associated assembly cost, occurs as the module size increases.

Data for the ant icipated l’)85 technology module using 140 pin DIP ’s are shown

In Figure 3.14-3. These normalized curves are identical to those for the 114 pin

DIP module since the number of gates per inch is similar for both IC packages.

The 114 pin DIP contains approximately 149. 14 gates per square i nch of component

area while the 140 pin DIP provides 52. 5 gates per square inch . Figure 3. 14-3

indicatca that, for 1Q85 technology, the module design should accoemodate a

minimum of 14 or 5 14C~ pin DIP packages. Figure 3.14-14 presents the ortoalized

pin count and volume for modules utilizing the 140 pIn chip carrier IC package.

The IsO pin chip carrier contains approximately 1433 gates per square inch of

component area and the volume required to package a system using chip carriers

Is approximately 63~ for a 10 square inch module when compared to a 2 square

inch module. A 10 square inch module corresponds to approximately 30 IC’s

using the chip carrier package.

A quantitative comparison of the three IC packages being analyzed in this

portion of’ the study is shown in Table 3.14-1 for 360 gates per module (20 IC’s

in present technology ’
~ and for 5140 ga tes per module (30 IC’s). Using either the

114 pin or the 140 pin DIP results In essentially the same volume requirements for

the system. Using the chip carrier requires approximately 30% of the volume

required by the DIP packages. However, this is not a valid indication of’ the

actual volume requirement since the module hei~ht for this case is 0.3 to 0.14

inches , and the minimum size of a chip carrier is approximately 0.500 inches.

1-14’
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This unrealistic situation occurs since the calculations are based strictly

upon the area of the IC footprint and do not consider the specific form factor.

Increasing the module height to a more realistic value decreases the volt~ e

savings but can still result in a significant improvement.

To verify tha t this analysis Ii valid, quantitative data taken from the

NAFI TR 2173 report has been compared to the generated curves . This comparison

is shown in Figure 3.14-5 with the results of five partit1 ’~~r~ studies on the

Hughes Digital Scan Converter shown. The 5 different module sizes Included

are:
‘KF 3:’ AREA ~~ IL~~’~.F SPA E ...
(SQ . IN. ” ~l!IC~1fT(

~~

) ( ‘ N )

S~4 IA 2.2

Th~ ROVED s~.i (2A ) - .o 2.~’t- .~~~~ lx’

CONCEPT 1 114.~ 14.1~ 
‘. ‘-‘

(Sized to be compatible
with all ATR enclosures )

CONCEPT 6 i~ .o 5-’ . ~~.r- 165
(Sized to be compatible
with 1/2 ATB enclosures )

MAC ~~~ 7.35 3.0 100

The general trend of these data points fol1~ws the calculated curve,

H although the quantitative points fall below the calculated data . This can ,

in general terms, be explained. The calculations of this analysis were based

upon utilization of the active area by components of 70%, but the actual utiliza-

tion factors in the NAFI data are :
S SDI 1A 70%

S 

- ~~~~~ s~~ 86.9%

CONCEPT 1 57.14

CONCEPT 6 60.3%

MAC 80%
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The SEM IA volume includes many unused functions since the partitioning was

made using existing SEM modules. In the other cases the functional partitioning

was more efficient and since the data are normalized to the SEM lÀ, the normalized

volumes appear to be less than that pred icted by the calculated curve. Also,

the Concept 6 configuration was based upon an 0.14 inch spacing rather than the

0. 3 inch spacing used in the analysis.

All the volume data presented thus far in this paragraph have been based

upon using a wire wrap backplane. This assembly technique requires more system

volume than other techniques such as the use of a multilayer printed wire board

(w3 ) or sti tch weld . The r equired dimensions used in this  analysis , taken

from the NAFI TR 21146 report, for the wire wrap and for the multilayer PWB are

show in Figure 3.14 —6 . The wire wrap requires an additional 0.5 inches behind

the area of the card rack , representing more overhead volume, and the use of

Pd’S should result in a decrease in syst em volume . The decrease is more

significant for the smaller size module where the overhead is a larger portion

of the overall volume. This characteristic is shown in Figur e 3.14_7. A system

using modules of 2 square inches , active area , and a multilayer F~B will require

approximately 78% of the volume required for the same system using wire wrap.

For a system using modules of 10 square inches, active area, volume required
— 

i~ 87% of that for wire wrap.

The conclusions reached by the weight and volume analysis are:

1. The module active component area should be greater than 10

square inches.

2. At the IC level, the 114 pin DIP and the 140 pin DIP have similar

packaging density characteristics.

3. The leadiess chip carrier can result in reduced system volume .
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L
3.5 Thermal Design Cons iderations

The power dissipation requirements for the module are determined by the

number of IC ’s on the module and the power dissipation of each IC. Power

dissipation in discrete components such as transistors, resistors, etc., is a

special case and is not considered in this analysis but must be included when

actual design decisions are being made for individual modules. The power

dissipation of the individual IC is dependent , primarily, upon the technology

used in manufacture of the component . There are numerous technologies in use

at the present time and several others in research. Table 3.5-1 is a summary

of the power dissipation characteristics for the more commonly used technologies.

The power dissipation varies from 0.2 milliwatta per gate for 12L logic to ~C.0

milliwatts per gate for ECL . For the purpose of the thermal analysis , a power

dissipation of 20 milliwatts/gate was selected. This selection is greater than

or equal to all of the technologies considered except for I C r . Systems which

use ECL, in general, require high speed logic which could be provided by

Schottky TTL with less power dissipation. These systems are limited in number

and will require special con sideration .

The baseline reports describe various methods of cooling the modules.

One method der :ribed is the use of the hoUow-card module consisting of a
S heat exchanger of aluminum f in  stock sandwiched between two PC Boards .

Cooling air is forced through the fin stock dissipating the heat generated

by the module. Assembly of this type of modul e is more costly and , in general ,

precludes the use of components requiring lead insertion through the board.

Cooling the module by conduction involves replacing the aluminum fin stock

heat exchanger with a solid aluminum core or sheet . The heat is conducted

th rough the mult llayer board and the aluminum sheet to the structure side wall.

The heat is transferred from the alum inum sheet- t-~ the st ruc ture  ~y ca rd

guide-thermal clii’s .
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In determining the method of heat dissipation which should be used for the

standard module program, several factors were examined. Direct air flow across

the module components under controlled conditions can provide the best method of

heat dissipation. However, maintaining the controlled conditions required for

satisfactory heat transfer is a complicated design problem especially if very

close spacing of the modules is utilized, restricting the air flow path. With

direct air cooling , smaller component s placed behind larger components in the

path of the air flow wll]. be shielded resulting in a decrease in heat dissipation

capability and localized hot spots. The effect on a s’ingle module design can

change from one system to another depending upon the air flow characteristics

within the individual racks or equipment housings.

In addition, the mathtenance/troubleshooting of an avionic system will

require , in general, the opening of the cabinets/racks and, possibly, drawers

for access to the modules. This can disrupt the cooling air flow paths. By

using conduction cooling, the heat dissipation paths can be more closely

controlled and will not be adversely affected by the opening of cabinet doors ,

drawers, etc.

The standard module program must be based upon inter-system commonality

to be economically feasible. This includes not only eystems on an individual

aircraft such as VSTOL/A but also commonality between future aircraft. Since

not all of these aircraft will provide conditions amenable to convection cooling,

the standard module design should be based upon total heat dissipation by con-

duction cooling. In those cases where cooling air can be provided , the thermal

dissipation characteristics of the system will be improved resulting in lower

IC •lun ct lon temperatures and , thus, better component reliability.

3-52



_ _  - ~- S S~~-S _ _ _ _

~ !

Typical Power Dissipation Characteristics

TABLE 3.5-1

CIRCUIT P(MER/GATE
TYPE (p.nlL IWATTS )

12L 0.20

NMOS 1.0

ci4OS 1.0 (1 MHz )

LST’rL 2.0

10.0

STPL 19.0

ECL 30.0 (Unterminated)
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The thermal conduction characteristics for a six inch by four inch glass

— epoxy board using an aluminum thermal plane was determined for several different

-
~ board configurations . These detail calculations , presented in Appendix A for

— reference, indicate that the thermal dissipation requirements for a module can

be satisfied within the physical size limitations set by the number of integrated

circuits when DIP components are used . A simmtary of the total power dissipation

requirements and capabilities for three configurations using DIP components is

S 
shown in Table 3.5-2. In all cases the power dissipation capability exceeds

the required power dissipation.

- 
The thermal dissipation characteristics of a module utilizing a ceramic

substrate bonded to an aluminum frame are presented in Appendix B which describes

a configuration of the standard module for chip carrier installation. This

module is capable of dissipating approximately 18.3 watts which exceeds, by 2.5

watts, the power dissipation capability of the glass epoxy board.
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Power Dissipation Requirements and Capability

TABLE 3.5-2

Total Power Power
- Dissipation Dissipation
- Total Required Capability

IC’s PalS/IC Gates/IC Gates MW/Gate (watts) (watts)

30 16 17.8 5314 20 10.68 10.96

12 214 leO 1e80 20 9.60 12.6

6 140 100 600 20 12.00 13.35
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3.6 Built-In-TeSt Concept

In a standard module program, the built-in-test (BIT) concept to be

utilized in the system development and in the modules used in those systems

must be established very early in the program to be effective. The overall

system philosophy on BIT monitoring and fault isolation requirements must be

established prior to any design effort on individual modules. The purpose of

BIT, at the system level, is to increase operational readiness by reducing

system down time by providing quick, straightforward failure identification,

fault isolation and repair capabilities. These capabilities can be provided

by incorporating BIT system performance monitoring, malfunction reporting, and
S 

fault isolation to the module level as an integral part of the system design.

To obtain maximum benefits from BIT, it is necessary that all replaceable

sub-assemblies within a system are tested at some level of BIT)~
3 The overall

performance of a system or subsystem is monitored with end-to-end BIT with stimuli

applied to inputs and the output responses measured. This can be done with the

system off-line or with the system on-line. On-line monitoring can be achieved

by monitoring normal input and output signals and comparing with known system

transfer characteristics or by time sharing the input between normal and test

signals . By proper selection of input stimuli , it is usually possible to isolate

the fault to a functional block within the system. Further ~IT testing at the

subsystem level is then necessary if the isolated functional block is not a

single replaceable assembly. At the system level, the desired BIT capability

can be provided in the hardware design or in the software programs. There are

advantages to each approach and each requires consideration in the initial design

of a system . It is anticipated that systems using SAM will provide both types

of BIT to some degree.

There are several design features to be considered when designing BIT into

the hardware. These are~

1-
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(1) The reliability of the hardware required to perform BIT should exceed

that of the hardware being tested. If this Is not the case, the probability of

failure in the BIT circuit may be as great or greater than the probability of

failure in the circuit under test. This could result In expending as much

maintenance time and cost for repair of BIT hardware as for operational hardware.

(2) A failure in the BIT hardware should not affect performance of the system.

(3) The BIT circuitry should be kept as simple as possible but must be

sufficiently effective.

(4) The circuit used for BIT should be of the same type used in the

operational circuits and use the same component types.

(5) Fault indicators such as light emitting diode (LED ), incandescent or

neon lamps should be provided where possible at the replaceable sub-assembly

level to provide continuous visual monitoring of system performance.

Performing BIT with software also impacts the hardware and must be

considered in the design. Some of the hardware provisions which might be

necessary are:

(1) Isolation must be provided between normal inputs and test inputs.

(2) Decision circuits which monitor output data must provide adequate

to1er~nce. 
S

(3) Test input signals should be pr vided which closely simulate actual

inputs.

( 14) Existing data transmission systems should be used where possible.

( 5)  Optimize fault isolation by Judicious selection of monitor points.

(6) The probable increase in computer size to accommodate the BIT

capabilities must be included in the initial design of the system.

The quantitative impact of providing BIT, whether it is provided totally

in hardware or in the software, on the design of a standard module is difficult

to predict . Discussions with various design personnel indicate that BIT

requires a hardware increase on the order of l~ to ~~~ The Built-In-Test (BIT)
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Design Guide13 does not provide any further insight except that in one example

for a transmitter it is stated “... to provide a thorough test of 95% of all
cz~ponents in the normal transmitter fault log ic would amount to an increase

of about 25% in overall cost, space and complexity.”

The only other quantitative data available in the Data Base and Reference

report s is found in the C~.E. report
7 which provides detail mechanical layouts,

block diagrams and estimated parts lists of three power supplies for the Advanced —

Integrated Display System (AIDS ) Program. In each case the hardware required to

perform BIT is identified. The portion of the total hardware identified for

BIT is:

BIT Complexity

Assembly Component Count Area

Low Voltage Power Supply 26% 114.3%

High Voltage Power Supply 20% 16.7%

1E KV Power Supply 20% 16.7%

Based upon the data available it is concluded that BIT will require an

additional 15 to ~~~ of overall system area. This increase may be at the system

level by the addition of modules specifically to perform BIT or by an increase

in the complexity of each module circuit. The overall system BIT philosophy

will determine which of these approaches, if not a combination of both, will be

taken. It must be noted, however, that failure to adequately define a system

BIT philosophy prior to the design of individual modules could, and probably will,

result In module designs which are totally incompatible with the later defined

system BIT requirements. This condition will create an inefficient and more

costly maintenance program than could be otherwise achieved.
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3.7 Reliability

As discussed previously, the two primary cost areas in the life of an

avionic system are the initial acquisition cost and the follow-on support costs.

The reliability of the components, as well as the number of components on a

module, affects both of these cost areas since the initial cost of high

reliability components is, in general, higher than for standard military grade;

and since component reliability significantly affects the life cycle spares cost

which is a major portion of system support costs. An analysis of the effect

upon life cycle spares cost is documented in the NAIl TR21146 report and is

s~mmtarized in the following paragraphs.

A model for the flow of spare modules was developed as shown in Figure

3.7-1. The model assumes these are NE equipm ents which receive good modules

from each base and there are N bases supplied by a single depot . The depot

obtains modules from one or more factories . Both the depot and the bases are

assumed to have only sufficient spares to assure a given probability of meeting

the spares requirement during the replenishment time. The replenishment time

for a depot , tDF, is assumed to be 6 months and for a base, tDD, it is 1 month.

New modules from the factories flow to the equipments through the depot and

the bases. Modules which are removed from equipment are routed to the depot

through a base for test. Modules which test good at the depot are returned t~

base with a depot delay time of tT plus twice the depot to base delay time tDD.

Modules which test bad are discard ed at the depot for the purposes of this

analysis. All modules are assumed to have the same number of integrated circuits

‘with the same cost and reliability.

The mathematical model used is given by:

~ 
(1K L)K~,$’

Ic [c 1+2~ B t~.. + 
~

5-
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tT 
1 tDF + t
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The values and definitions of the variables used irf this analysis are

shown in Thble 3.7-1.

The ratio of spares per module, R, during the life cycle of al]. systems

is assumed to be 0.1, i.e. life cycle spare costs is 10% of system operating

module acquisition cost. Ten percent was used since this Is approximately

the border line between a relatively insignificant cost and a significant 
S

cost. It was also justified on the basis that spares cost needs to be less

than the thirty percent which has been achieved and considered excessive in

some instances. Another rationale for the ten percent choice is that the

spare life cycle cost is approximately proportional to failure rates and , since

failure rates have relatively large standard deviations a nominal R ratio

greater than 0.1 could have disasterous life cycle cost impact for modules in

the upper range of the failure rate distribution curve.

The Heads-Up Display (HUD) of the F-l5 aircraft was used to estimate the

values of some of the variables to be used in the model. The failure rates

were both actual and predicted values. This hypothetical system case was

analyzed with the failure rate of the integrated circuits as a variable to

find the number of integrated circuits per module which would cause the ratio

of spares per module to be 0.1.

Th~ maximum number of integrated circuits per module, Ni~, to provide an

0.98 probability of adequate spares while maintaining an 0.1 llfecycle spare

cost ratio is shown in Figure 3.7-2. Using the predicted failure rate of

9.5 x 1O~
’ failures per hour derived from the F-].5 HIJD field data, the maximum

number of 114-16 pin IC ’s allowed per module is 8.

Based upon the conclusions drawn from other areas of this study, the

primary area of interest for the SAIl pr~~ram is between 0 and 50 IC ’s per

module and this area of the curve is shown in more detail in Figure 3 7..3~
Note that the axes have been changed from Figure 3.7—2. It can be seen f~-om
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SPARE MOLUJLE FLCM ANALYSIS VAR IABLES

‘A R IABLE VALUE

t~~, System Life 87,600.

t~~, 
i5 epct Delay 720.

t~~, Test Delay 168.

tx,, Factory 14,000.
V Delay

KL, Induced 1
Failures

NE, No. Equip. 20

K , No. Bases 2

~~~ 
ic’ s/~ quip. 752

Nr, No. Types 20.

R , Spare Ratio 0.1

K .  , Retest Good 0.5

~~~~ 
(yiELD) 2.145x10 7

(6o~ co~i.) 14.895x10 7

~~ (90% co~~.) 9. 514x10 7

~~~
, (p~Acc-T~ -e~7- l.287x1O~‘5--

14.
irE

K., ,,  ~ys t e~n 0.0571
~~ erat lr,g

Ra tio

NC~T: ~~LI”5: OF A 5Y’~UAT~ SPARES ASSU1€D TO BE 0.98

Table 3.~—1
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this figure tha t the allowed number of IC’s per module Is very sensitive to

changes in IC failure rate in the area of interest, 20 to 30 IC’s.

To determine if the F—15 HUD failure rate data are what might be expected

from a new avionic program, failure rates were calculated using MIL-HDBK—217B

as a guide. These calculated failure rates, based upon M]L-M-385l0 class B

components , a max imum 1050 C junction temperature and an uninhabited , airborne

environment are shown in Table 3.7-2 . Using these failure rates, the standard

module can contain 27 114—16 pin integrated circuits using TI’L techn~1ogy or 9

114—16 pin integrated circuits using ECL technology. The same analysis for 198S

indicates a maximum of 13 140 pin IC ’s using TTL or 3 140 pin IC’s using ECL is

acceptable. It should be noted that if the junction temperatures are maintained

at a lower maximum , thereby improving the component failure rates , the allowable

number of IC ’s will increase. For instance, for a maximum junction temperature

of 85°C, the allowable number of 114—16 pin IC’s using TTL logic is approximately

30.
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14.0 MODULE CONFIGURATION DEV~10PMENT

Each of the factors which affect module size has been discussed in the

previous paragraphs . The conclusions reached frcm the analysis of each

individual factor are summarized as followe :

Functional Commonality - The packaging concept should provide for a

maximum of 30 IC’s per module to achieve any savings in total

ownership cost.

Connector - The number of pins required to electrically interface the

module into the system can be estimated by the relationship;

PINS - 3.8 Gr,

where O.58>r>  0.52

The connector type should be the NA.FI blade and fork with 0.1 inch

pi n spacing .

Integrated Circuit Packaging Technology - Present technology is i14-i6

pin IC with an average of approximately 18 gates per IC. The 1985

technology is projected to be a 140 pin IC with an average of

approximately 100 gates per IC. The dual-in-line package Will be more

widely used than flatpacks . The chip carrier package can provide a

higher gate density package.

Weight and Volume~\Conatraints - The module active area should be greater

than 10 square inches (more than 20 dual-in-line Ic’s) to minimize

effect of overhead volume.

Thermal Considerations - Thermal conduction requirements can be satisfied

within size limitations set by IC count using DIP packaging.

Built.’In-Test - The inclusion of BIT increases the complexity and size

of a system by 15 to 25% .

14— 1
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Reliability - The module should contain 27 or less 114~16 pin IC’s using

TTL logic with m~.ximum junction temperatures of l05~ C. With junction

temperatures of 85° C , the maximum number of 114-16 pin IC’s can be

increased to 30.

The exact number of’ integrated circuits which should be contained on a

standard module is not apparent from these conclusions. However, a range of

optimum integrated circuit component capability is clearly indicated. The

standard module size is optimized if it provides for between 20 and 30 integrated

circuits. To provide further visibility into the selection of a specific number

within the range, the estimated IC count for postulated standard functions from

the reports was compiled. This compilation is provided in Figure 14.0-i showing

the number of standard function modules which require a specific number of IC’s.

These data indicate that of the 89 standard or c o o n functions identified, 149

require 30 IC’s or less wIth 7 requIring exactly 30. This indicates that, from

a functional partitioning standpoint , the module should be designed to accommodate

a number of IC’s in the upper end of the opt imum range. For this reason, a

capability of 30 IC’s has been selected for the standard module.

For 30 IC’s per module and using present technology of 18 gates per IC,

the standard module will contain 5140 gates. This corresponds to 5-140 pin IC’s

of approximately 100 gates each using 1985 projected technology. Using the

relationship, PINS = 3.8 G052, the number of required pins in the interface

connector is estimated to be 100. The physical layout of a board, 6.0 inches

by 14.0 inches, with these characteristics and containing 30-16 pin dual-in-line

packages is shown in Figure 14.0-2. Assuming 17.8 gates per DIP and 20 mu ll-

watts per gat e, the board thermal dissipation requirement is 10.68 watts.

Figure 14.0-3 is a physical layout for 12-214 p in DIP ’s. Assuming 140 gates per

DIP and 20 milliwatts per gate, the board thermal dissipation requirement is

14-2



I
9.6 watts. Figure 14.0-14 is a layout for 6-140 pin DIP’s. Assuming 100 gates

per DIP and 20 milliwatts per gate, the board thermal dissipation requirement is

12 watts. These modules employ aluminum strips for thermal conduction to the

side walls thru board locking retainers as shown in Figure 14.0-5. The locking

retainer is used for the standard module instaflation instead of the Birt eher

Clip described in some of the report s because:

1. The thermal conductivity characteristics are marginal for the

Birtcher Clip (Ref. Appendix A).

2. The vibration characteristics of the Birt eher Clip are not

satisfactory for the standard module anticipated vibration

requirements. (Ref. Paragraph 14.1)

The thermal ana lysis and the vibration analysis for the recosmiended module are

discussed in detail in paragraphs 3.5 and 14.1, respectively.
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I
a 14.1 Vibration Design

Initial, plans were to use Birtcher 2148 PCB Lok-Tainer clips for module
a

edge support. Test data from programs conducted on other black boxes with

cards using Birtcher clips have shown that the clips have very poor vibration

response characteristics. The foUowing calculations indicate an unacceptable

fundamental resonant frequency of the module using the Birtcher clips and

- show that by replacing the clips with locking retainers, the fundamental

resonant frequency can be increased to an acceptable level.
14.i.i Birtcher Clip Analysis

The fundamental resonant frequency of a 6 in. x 4 in. x .062 in. epoxy

fiberglas board, using Birtcher 214S PCB Lok-Tainer clips for card retention

is determined as follows .~
’9 The weight of the board must first be determined

to calculate the natural frequency and the deflection.

FIGURE 4.1.1-1

Vibration Model

30 IC’s

6 R(Y,4S - 5 IC’s/Row 14 in . (“ b ” Dimension)

• X AXIS

1 >
6 1n.

I ( “ a” Dimension )

1’

14-9
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• CIRCUIT BOA RD WEIGHT OALC1JLATIO~S

CIRCUIT BOARD 6 x x .062 = i.1488 in3

-
~ 1.1488 in3 x .066 Lb/in3 = .098 lb 1.571 oz

IC’s 30 x 1.114714 Gram/IC = 314.142 Grams = 1.2114 oz

ALU~4INUM STRIPS 6 x 5 .5 + 2 x 1 4 141 in.

141 x .25 x .05 = .51 in3 = .051 Lb. = .816 oz
(Six strips across board + one strip on each edge)

HANDLE .183 oz.

C0NFOR~~L COATING .112 ~:.
TOTAL VIBRATING WEIGHT 1.571 + 1.2114 + .816 + .183 + .112 = 3.895 oz = .2143 Lb.

Assuming mass is evenly dietributed to simplify ca1culatio~s:
- MASS - W - 

.2143 
— 2 623 x 10~~ 

Lb
- 

AREA 
- 

gab 
- 

(386)(6)(14) 
—

The aluminum strips bonded to the board for heat conduction will aid In
board stiffness and increase the fundamental resonant frequency. The

bending stiffness values along each board axis and torsional stiffness
of the epoxy board and aluminum strip combination is determined as follows :

With six aluminum strips on the board , the following calculations are

based on 1/6 of the board height. The aluminum strips are 0.25 inches

wide by 0.050 inches thick.

Item 1 in the following table refers to the epoxy fiberglass board
and Item 2 is the aluminum strip.

BOARD W~~TH 14d = rio. ROWS = =

L _ _ _ _ _ _ _ _ _ _ _ _ _



1 I •

ITEM ~~~~~~~~~ ~~~~ A~ clO6 
~~~~~~ I~ X

.66x. o62 2.0 .062/2 .0818 .0025 .EE(.062)3 - o ~i.01109 .031 12 - .1...

2 
.25X.05( 10.5 .062 + 4 .050 .1312 .oii14 .2~(.o5)° = 00260
.0125 .087 12

.2130 .0139

ITEM E10X 1O3 C C2 A E 2

1 .0262 .0652 - .031= 1170 x i0’~ 95.71
03112

2 .0273 
- 

.087 - .0652 1475 X lO~~ 62 .32
.0435 .0218 158.03

The centroid of the section is

— 
- ~~AE~ ~~~~ x ~o_6

Z ~~~~~ 
= 

-6 
.0652

.2130 x 10

Bending stiffness of the section is:

~~ EI = El0 + = 143.5÷ 158.03

~ El = 201.53 lb Ii~

The bending stiffness of the cIrc~~ t board along the X axis , with the
aluminum strip, is:

El 
= 

2OL~ 3 = 305.35 lb. In

14-il
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The bending stiffness along the Y ax±a will be approxi~~tely the same as the

epoxy board : I
D — _______ — (2 x 106)1.062)3

~‘ 12(1-us) 12 (1_ .122)

I~O.25 lb. in.

Torsional St iffness

Dxy = GeJe +

Whe -e :
Ge 0.90 X ~o6 1b~’in 

- Shear Modulus, Epoxy Fiberglass .1
Je 1/3 ~~ - Unit Torsional Stiffness, Epoxy Fiberglass
Je = l/3(.062 )~ = 79.3 X l0~ in3

Gr 3.5 X io6 lb/in2 - Shear Modulus , Alt~ain~~t Strip
Jr = 1/3 Lt3 — Torsional Stiffness - Al~sninum Strip
Jr l/3(.O5)(.25 )~ 257.81 X l0~~in.~

.66 in

= (.90 X lo6)(79.3 X + ~~~ X 1o6)~ 2~~.81x i0)~~

Dxy = 75li~.96 lb. in.

~-12

~~~~~~~~~~~~~~ - -- — —~~
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Modifying the equst ton for the funttw.nt l ret ~nent frequency of S circuit

boar4 with fixed bott~~ (Connector ) end supported sides (airtaher Clip.)

to inc3.~4e stiffness fSotors due to sl~~irn strips

• + [~~ (~~~ ~~~~~~~~

+ n.i~~~~
) 

]1

r
_____________ ~~~~ + h608(7~1’.96 + ___________

• 1.~ 7[~2.62~3 x 1 0 )  ~~ (62)(~ 2)

f 1 .57 [.381 x ~~~ (.236 + .797 + .198 ) ]
• 1.57 [.381 X 105 C 1.231

~ 3140 Hz

The i~~ximt*n allow&ble circuit bo..rd deflection ( ~ ) is equi~i. to 0.003 X
the ahorteat boird din~ naton (~ in . )

• .00 3 (Z ~) • .012 In. (single Anplitude Deflection )

IT

-~~~~~~~__ _ _
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The tren.miuibilit~ Q is eqtal to the squ ire root of the fund z nt&,t

~~sonint frequency

~ 
= = :

The output 0 level is calculAted from the following :

0out ~~~~ r~

Where P a Random power spectral density level

P a .15 g2/Hz

0out ~ J -~.~~(.i5) (3140) (18.1414)

The boird single .aplitude deflection

S 9.8~y.~.27 )

& a 0.010 in.

14~114 

-~~-—-~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~ - --- -~~~~~~~~



~~~~

‘

~~~~~

‘ TIIIT~ ~~~~~~~~ 

- -

14.1.2 Locking B•tainar Analysis

The .010 inch single amplitude deflection ii ~~rginally acceptable .
1. In order to reduce the deflection to a, n~re acceptable limit , the tunda~~ntal

resonant frequency needs to be increased. This can be accomplished by
increasing the thickness of the board , adding ribs to the board , or by
improving board edge retention. The board edge retention can be improved
by replacing the Birteher clips with locking retainers. This will also
improve ther~~1 characteristics of the board assembly.

14.1.2.1 Thirty IC Configuration
The addition ~f locking retainers to the board wiU reduce the effective

“a” dimension of the board by the width of the two retaine rs • The “a”
din~ nsion is now 5.55 inches.

1.. CIRCUIT BOARD WEIGHT CALCUlATIONS

(5 , 55  x 14 x .062) .o66 • .~ 91 lb. = 1.453 oz.

IC WEIGHT — Same: 1.214 oz. -

AUJMINUM STRIPS: 6 x 5.55 = 3J .3  in.

(33.3 x .25 x .05) 0.1 • 0.0142 lb. • 0.666 ot.

HA?~DLE — Sa~~: ~~• 183 OZ .

CO!~’0RMkL C~ .TING - Sa~~: 0.112 oz.

TOTAL VflRP.TI~I WEIGHT

1.1453 + 1.214 + .666 + .183 + .112 = 3.628 oz.  = 0.227 lb.

,~~~~_ _1•_ 0.227r - 

~ib ~~86) (5 . 5 5 )  (L~~

— 2.6149 x 10 ‘-~ lb sec 2/ in. 3

14-15 
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stiffness factors will be the sa as previously calculated
- 303.35 lb.in.

Dy - 140.25 Lb.in.
Dxy . 7314.96 lb.in.

Modifying the equation for the fundamental resonant frequency of a circuit

board with f ixed bottom edge ( connector ) and fixed edge. (locking retain er )
to inclnde stiffness factors due to sluaintn strips

- 

~ 
[
~ 

(,
~ ~~ (~~ 2~ 2 ) 

+ 
12~x ) ]

• 1.05 [378 ~~~ .118 + 3.0614 + 3.862
)]

f~ — 1.05  [ .378 x io~ C 7.01414 )]

f • 51e2 ff s .
I,’

14—16
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~~1
I ~4~XIMUM ALLOWABLE SINGlE A~~LITUDE DEFLEC’r ION

I — .003 ( Li. ) = 0.0 12 in.

1. and the transmiss ibility is

1. ~~~~
= = f~

i
~ 

= 23.28

the outputGlevel is

0out - 
~ P

0out = ( . 1 5 ) (  5112) ( 23.28 )

I 
-

= 163.53 G

The expected board single amplitude deflect ion

- 

~~~~~~~~~
f~ 2

C 9.8t 163.53 ) _ 1602.6

514~~2 ~~937bk

• 0.005 in. sir.gle amplitude

‘~~ L
This deflection is 141% of the allowable deflect ion and is acceptable.

[ 14-17 
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The deflection levels for the other board configuration. considered

are also calculated 
- 
below.

14.1.2.2 Twelve IC Configuration

F 12 IC ’ s /1

/ 4 Rows s 3 IC’s/Row
4.0 in. b”

/
/
/ 

_ _ _4 5 .55 in. p
“ a ” 

— —
~~~~~~~~~

C IRCUIT BOA RD WEIGHT C&LCUIATIOWS

CIRCUIT BOARD - Same - 1.453 oz. -~~

IC WEIGHT — 12( 3 grams/DIP) • 36 gram s = 1.267 oz.

ALLR4f lTTi4 STRIPS
Li. x 5 . 5 5  = 22 .2  in.

2 2 . 2  x .4 x .05 = .141414 in.3 x .1 • .0141414 lb. • .~ o oz.

_ _ _ _ _  0.183 oz.

CON ORMAL COATING~ 0.112 oz.

T~3TAL VI B RA T ING WEIGHT s

1.~ 53 + 1.267 + .710 + .183 + .112 • 3.725 oz . = .233 lb.

— 
W .233

gab = (38 6 ) ( ~~. 5 5 ) ( 4 )

= 2.72 x iô “
~~~ lb sec 2/tr..3

14-18
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Board Widt t i  • = 1.0 in.d = No. Rows

ITEM AR EA ~~io
6 z ~~x1o6 AEZx1O6 I0X10~~’

1 lx.o62 2.0 .062/2 .124 .0~38 
1(.062)3 

.0199

2 
.Li.x~g5 

~~~~~~~ 
.062+1.05 .210 .0183 

— 

.Li ( .05 ) 3 
= .001417

.0221.33.’

ITEM El0 x 10~ c c2
.0398 .0662 .031 1239x10~~ 153.641 .0352

.087-.0662
2 .01438 .0206 ~33xio 6 90.93

.0836 21414.57

The Centroid of the sectior. is:

_ _ _  - •0221x10
6 

= 066= — 

.3314 x 106 
. 2

Bend ing stiffne~~ of the section is

ZEI a El0 + AEC2 = 83.6 + 21414.51
ZEl  328.17 lb in. 2

14—19
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The bending stiffness of the circuit board along the X axis,

with the aluminum strip, is

= 
LI 

= 
328.17 

= 328.17 lb in.

Dy L~0 .25 lb in. (prior calculat ion)

Torsional st Iffness

Dxy GeJe + 
GrJr
2d V

The only chanre frori prior calculat ions  is for 
~r

= 1/3 Lt3 = 1/3 (.050) (.~ ) 3

= 1056 ~ in _ 6 j y~~4

Dxy = (.90x106)(79.)x10 6) + 
(3~ 5x106 ) C 1 0 5 6 x 1 C 6)

Dxy = 71.37 + i8148

Dxy = 1919.14 lb In.

= ~ 
[ ~ ~~~ + 2Dxy + 12Dx\1~ 

V

n 
~ L~ 

~ b a2b2 a~ JJ

r
— 3.14 1 ( .75x 140.25 + 2(1919.14 )+ 12(328 .].7j\ If f l  — 

‘ L 2.72*10 ’ ~ 5.552x 42 555 k )j

4.



1

f~ 
a 1.05 [.~~ x l0 ~ ( p 118 + 7~’79 +

= 1.05 [.368*10 ~ (12.058)J
1

f~~= 699 Hz

This frequenc y I. higher than that calculated for the thirty IC board *nd will
result in a lower single amplit ude deflection .

14.3 .2.3 Six IC Configuration

/ /6 IC’s
3 Rowsj 2 IC’s/Row /

/ ,
,‘ ~J ( )  “ b ’

/

V rn 5 . 5 5 in. .____________ V

— 

“a’’

CIRCUIT P0.~1RD WEI CM T CA L CU L ~T ION S

CIRCUIT BOARD — Same - 1.453 oz.

IC ~~ IGHT — 6 ( 6 . 7 )  = 140.2 gr~ims = i.~ i5 oz .

ALU M I NUM STRIPS
3 x 5.55 = 16.65 in.

16.65 x .4 x .05 • .333 j n.~~x .1 = .0333 lb = .533 oz .  —

HANDLE — Same - .18) 02.

CC~FOR~AL CO~TIN~ - .1U’ 02 .

TOTAL VI~ R ATIN3  9EI GH T
1. 1451 + 1.1415 + .533 + .181 + .112 3.696 oZ . = .231 fl’.

:i: 14.21 

- — ~~~~~~~— -- ~~~~~~~~~~~~~~ - ~~-
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-______ 
.231e gab — ( i 8 6) ( 5 . 5 5 ) ( ~~)

= 2.69 x i0 ’
~ lb sec 2/in3

— Board Vid th  — 1 ird - 
No. Rows 

— 

3

I r ~~ AREA Ex106 Z AEx1O6 AE.~x10
6 I,~x10 3

i 1.~~ x.062 2.0 .062/2 .165 .0’~51 
1.33(.062)3_ o 26~

_____ 

.0825 .031 12
- 

10.5 .0 b2•4 .05 .210 .0183 ~~~~~~~~~ .001417

.375 .0234

ITE~1 El0 x iO~ c c2 
________________

1 .0528 .0624-.031 986xl0~~ 162.7
.03114 

______________ __________________

01438 .087 .06214 605x10’6 127.1

.0966 289.8

The centroid of the section is at

-
~ = ~~AEZ = .0234 X 10 

= .06214 in.LAE .375 x 10’~
B end lr~ s ti f f ne s s of the secti~’n is

Z LI LI0 + AE C 2 = 96.6 + 289.8

Z E I  = 386.14 lb in.2

14-22
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The bending stiffness of the circuit board along the X axis ,

with the alurtinum strip, is

Dx = = 3 . 1 4  = 290.53 lb in.

Dy = 14~”.25 lb In.  (p r io r  calcul~ t ion)

Dxy 1919.14 lb in. (pr ior  ca lcu la t ion )

- ~ .75DV + 2Dxy + l2Dx
— 

‘ L ~ b4 a2b2 a~ J
r

3.i~ I ~75x 40.25 + 2x 191q.4 ~l2 x 2~~.53 1
— 

L 2.69x1o 5 ~~~~~ 5~ 55 242 5 5 5  j

f = 1.05 [.3~~ x 10~ ( .118 + 7.789 + 3.6714) ] 
~= j , ç~~ [.372 x ~~ (11.56)] ~

= 689 Hz - ‘ahic~’ is acceptable

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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14.2 Spacing

The allowable spacing between modules in the system ii determined primarily

by the height of the components. The height for various components3 is ihown -

-

in Figure 4.0-2. These values are for the height of the component above the

module or board surface only and do not include the thickness of the board or

the extension of the leads on the other side of the board . These dimensions

must be taken into consideration when definin g the module spacing . Typical ;~
overall height dimensions for a DIP mounted on an .06 inch board are shown in

Figure 14.0-3 with DIP case dimensions from MIL-M-3851QA for a 214 pin package. - -

The total top to bottom dimension for this package is 0.425 inches and indicates -

an 0.5 inch spacing is necessary . If, during the assembly process , the leads

could be removed at the back surface of the board eliminating the 0.14 lead

extension, the total height wnuld be 0.285 and the module could possibly be V

used on 0.3 inch centers . It should be noted that this violates existing - -

standards for soldering of leads and also the remaining 0.015 inches between

the top of the DIP and the bottom of the board complicate both the mechanical

design of the module/rack and significantly affects the ab ility to cool the

devices by convection. Also, these dimensions do not account for any conf ormal -

coating layer on the DIP Or any shielding which might be required for Et.tI/~~~
protection. Because of these considerations and in an attempt to define a

standard module program consistent with a].1 present IC package technologies,

it is recoimnended that the standard spacing be set at 0.14 inches. For special. -

cases such as power supplies , etc., which require large discret e components

multiple slot s of O• 1~ inches can be assigned.

L - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ———-~~ -~~~~~~~
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5.0 MODULE CO!~ ARIS0N WI!JE DATA BASE MODULES

I - The Data Base and Reference reports contain the mechanical and functional

I descriptions of several proposed and/or existing modules. The rec~~~ended
- 

module described herein is compared with these modules in the following

- I - paragraphs.

5.1 Physical Comparison

The physical size of 35 modules are describ ed in the Data Base and

Reference reports not includin g those which e~~tbtt only minor modifications

to another module. These 35 modules are tabulated in Table 5.1-1 with the

report describin g the module referenced . The distribution of these modules as a

I function of width and height are shown in Figure 5.1-1. The recosmended module

ii the same size as the Module 7 recoemended by Honeywell2. Of the remaining

314 modules, 27 are larger in either height or width and only 7 are smaller or

equa l in both height and width . These modules are:

1 1 NADC Configuration Al for 3/8 ATR

2 NADC Comfigura tion Bl for 1/2 ATh

1.0 Honeywell - Improved Sfl4 2A

V I ~ Raytheon T3rpe l

18 RAI l TR 2173 Sfl4 lÀ

20 IBM Sf24 lÀ

- 29 Hughes High Power 1/2 ATR

Of the 35 modules , 13 have total board areas less than or equal to that of the

I recc~~ended confi guration. It is also int eresting to note that the recoemended

configuration has an upect ratio (width/hci~ht) similar to 5 of the other

1. modules at 0.66.

U
[ 

5—1
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I~
The active area provided by each of the 35 modules i. shown in Figure 5.1-2.

The average area for this gro up of modules is 22.9 square inches c~~~ared to the

17.6 squar e inches recoemended . This difference occurs becau se several of the

modules in the Data Base and Reference rep orts are sized for compat ibility with V

the 3/14 A!~~ or larger equipment housings .

This comparison of physical size indicates that the reco~~ended module is

near the mean value of other modules considered in length, width, aspect ratio

and ares and is consistent with the previous studies. .

5— 2
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5.2 Functional Comparison 
V

Seve ral of the reports presented functional partitioning information on

differ ent systems . The most complete set of information is contained in the

Honeywell report .2 Usi ng this information several of these potentially

standard functions have been analyzed to verify compatibility with the

recoemended configuration. The Honeywell report recouunended a single module

size of 6 in. x 14 in. be utilized for avionics system implementations . This

is identical to the size recoemended herein. E’even modules were identified

as potentially useful SEM ’s as a result of partitioning three Honeywell

systems . There were :

a. A/D-D /A Converter and Analog ~Iultip 1exer V

b. 1553 Bus Interface Receiver/Transmitter and Control

• 1553 High Frequency I/O Circuit

- 1553 R/T Circuit

• 1553 DMA Controller

c. Sample and Hold/Analog Outputs

d. Serial I/O Circuit

e. Discrete Input and Output Without Priority Interrupt

f. Discrete I/O with Priority Interrupt

g. I/O Control

h. 8-Bit Mi croprocessor

I. 16-Bit Mi croprocessor (Single chip )

j. 16-Bit Microprocessor (3yte Slice )

k. Semiconductor Memory

Of the modules defined , all but one would utilize 75’~ or more of usable

board area. The maximun power dissipation of these modules ranges from 8.3 to

1.3 watts with an average of i4~~~ watts. All of the systems investigated must

either transmit data to other systems or receive da ta from other systems or

5-8
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both. As a result, the 1553 Interface Function (Module b)  should be the most V

widely used of all the modules defined . This module was divided by Honeywell into

two sections : A single board design using thre. custom LSIC’. and a three board

design using currently available components .
• The Honeywell estimate of components required for the first seven of these

proposed modules is listed in Tables 5.2-1 thru 5.2-10. Preliminary physical layouts,

Figures 5.2-1 thru 5.2-9, for six of these modules were completed as part of this study.
Usable board area on the proposed 6 in. by I~ in. module precluded layout of

the Honeywell Module c , “Discrete I/O, Without Priority Interrupt ” primarily

because of the large number of discrete components required for this function.

It is assumed that these components could be packaged into a hybrid or thick

film module to minimize the component mounting area.

A tabulation of the potentially standard, or coamon , functions which are

identified in the Data Base and Reference reports and compat ible with the

rec~~~ended configuration is presented in Table 5.2-11. The functions discussed

in the previous paragraph are included in this tabulation. The anticipated

power dissipation and required number of pins for electrical interface is

included for those functions for which the information is available. The source

report for the function is referenced in each case of the 144 functions identified.

From the partitioning information the average board area utilization i~ 79%.

This utilization factor ii slightly higher than the 70% value which is considered

an acceptable minimum. For these 14 functions, the average connector pin require-

ment is 62 m d  the average power dissipation ii 5.7 watts.

This analysis indicates that the recosunended module configuration is com-

• patibi. with the standard functions which have been identified in previous studies

• and provides good utilization of board area, thus minimizing system volume

5-7
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GE~ described several~lov voltage and high voltage power supplies which

are not included in the tabu1at~~n since they are not compatible with the module

spacings anticipat ed for the SAM program. These power supplies are compatible ,

in general , with the height and width of the recoemended configuration but will

require special installation provisions .

The Telephonics report8 describes a functional partitioning of the General

Purpose Multi plex System (GP?.~ ) which resulted in the establishment of 3 standard

modules; Post Module , On-Line Processor (ONL) Module, and Off-Line Processor (OFL)

Module. These modules provide the system designer with sufficient flexibility

to configure terminals for any mode required. The detail design of the circuits

for these modules is not described . However, the description indicates

that the design is anticipated to be compatible with the Standard Electronic

Module (sw ) configuration. This discussion, in conjunction with work being

conducted by other contractors on LSI circuits in accordance with MIL-SIT)-

l553A and GWS, indicates that the multiplex terminal circuit can easily

be pack aged into the SAM conf iguration.
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TABLE 5.2-1

• A/D-ID/A, Analog MUX

# I/o pins — 73 
- Power Dissipation = 3 watts

PART NU~~ER QUA1~1TITY
511LSOO 2
514LScQ 1

514LS014 1.

514L3109 1
514LS173 ‘4

5’4LS21+l 2

541.5257 3

D~.25014 (24 pin) 1

1)0506 1 •

AD7521 1

17

o’r1-~ R PARIS

L~4118 2

124101 or 108 1
uuu i

Resistors 7
Diodes (1~~45 or lN1400l) 2
Zener Diode ( ].1~T82l) 1.

TOTAL: 31

I
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FIGUBE 5.2-1
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1 TABLE 5.2-2

SI}~ LE 1553 R/T and CONTROLLER

# I/o pins = 65 Power Dissipation — 5 watts

I PART NUMBER QUAJ~T IT?

1 Receiver LSIC (‘40 pin) 1

Transmitter LSIC (40 pin) 1

- Controller LSIC (40 pin) 1
5141.804 1

- 5141.805 1
5IeLSO8 1

541.330 1

j 514LS225 1
• 541.3191 1

54Ls2’4l 6
L. 541.8365 2

514LS37~4 1

• DM7160 1

- 19

OT}~ R PARTS

• 124111 2

• Capacitor 3

Resistors 15

- 
NPN Transistors 2

- 
Diodes 2

T0TA~L: 143

5—11 
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TABLE 5.2-3

1553 H-F I/o CIRCUIT

# I/o pins - 19 Power Dissipation — 2.7 watts

PART I~I’tR4BER QUA.NT IT?
511L800 2
5111.302 1

5141.804 2

5141.805 1

5141.908 1
5I4LS1O 1

5141.550 1

514r.s86 1
5141.8109 1

5141.8123 1

541.8125 1

5141.8138 1

5141.8151 2

5141.8163 3

541.3195 1.

20

OT~~~R PARTS

• Oscillator 1
Crystal 1

Transformer 1

Capacitor 3

U4111 2
NPN Transistor 2

Diodes 2

Resistor 15

TOTAL : 147

i
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TABLE 5.2-4

1553 R/T CIRCUIT

# I/o Pins : 50 Power Dissipation: 3.1 watts

PART NUMBER QUAJ1Tn’y
514L300 2
511Lsce 3
5141.504 3
5141.808 - 1.
5141.350 1
5111.386 1
51iL3109 ‘4-

5141.6162 1
514L3163 1
54L8164 2

541.8166 3
511L8173 8
5141.81711W 1

541.3175 2

TOTAL: 33

I
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• TABLE 5.2-5

- 1553 DW CONTROLLER

# I/o Pins: 87 power Dissipation: 6.3 watts

PART NU~~ER Q J&NT1’I’Y
5141.82141 6
511L8259 1
5141.8138 1
5111.3191 3
541.3109 2
5141.s163 5

I 5~i I.S25l 2
S’4Ls1471 3
514Ls371i 2

5111.3365 2

DM7160 1
5141.8174 1
5141.800 12

TOTAL: 141

1.
I.
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- I  I TABLE 5.2-6

sA
~
rpr

~ 
uoz.n *~~ wo ourwrs I -

r # I/o Pins : 26 Power Dissipation: 2.2 watts

- PART NUMBER gu~wrrry

541.800 1.
541.8014 3
5111.8142 2
5141.3123 1.

}~ I4214O or 12l198 16

23
OTBER PARIS

Resistors 1

Ca pacitor. 17

TOTAL: I1~1

I

11
II ii

a

I
I 5-19
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TABlE 5.2-7

~~RIA L I/O CIRCUIT

I 
# I/o Pins: 60 Power Dissipation: ‘4 watts

!A.RT NUt.~ ER ~UANTITY

5141.300 3
5141.602 1

5141.810 1
5141.850 1
5141.686 1
5141.3109 14
5141.81614 2
541.6166 2

51e1.8173 8
5141.8193
r*r7820 6

TOTAL: 36
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I TABLE 5.2-8

DIS~~ETE I/o WITH INTERBUPI’ OUTPUT

I
# I/o Pins : 53 Power Dissipation: 8 watts

PART NUMBER QUA1~TITY
54LSOO 2

• 5141.304 2
2

• 5141.3 86 14

5141.8173 1
541.81714 2
514L&’4l 2
5141.8279 2

17

OTBER PAR
2N2222 214
NW, Output 8
PNP, Output 8
Diode , 1N645 or 1N14001 32
Resistor , ~ or 1/8 watt 96
Resistor , ~ watt 16

TOTAL: 201

• 5—23
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TABLE 5.2-9

I/O CONTROL

# I/O Pins: 98 Power Dissipation: 1.25 watts

pAE~ NUMBER QU~NTT~Y

H 5141.302 1
514L8014 7
514.1.830 2

- 541.3138 14

51eLSl57 1
8212 1
82114 2

TOTAL: 18

- L

I
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I TABLE 5.2-10

- V 

DISCRETE I/O ’s , WITHO UT PRIORITY UITERRUI’r

# i/o Pins : 6i. Power Dissipation: 8.3 watts V

PARI N~1~~ER q.UANTrrY

5141.300 1

s’4i.so’4
5’4LS].O 2

514LSIe2 ‘4

5’4L82111 2
5141.3279 13

17

OT~~R PARTS

2!~222 32

1 NW , Output 16

PNP , Output 16

J Diode, 1N6145 or lNIeOOl I~8
Res istors , 1/8 or 1/14 watt 1514
Resistors , 1/2 watt 32

TOTAL: 315

5-27
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I
6.0 D~Z ION CON8~~ERATIONS

I Th. actual mechanical design of a stand ard module must cons ider the effects

of the use environment consisting of vibration , shock , hnmidity, temper ature ,

I altitude , etc. Also, of extreme importance is the D1I/D~ /?24V enviro nment in

~*~Ith the module is to operate. The effects of these considerations on the

6. design and the reccemended levels for test are described in the following
- paragr aphs .
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6.1 Environmental

The data base reports generally recommend tha t the Standard Avionics Modules

be designed to meet the environmental test requirements of MIL—E—5leOOR , for
Class 2 equipment.

Vibration test requirements vary from report to report but most agree that

a random vibration test provides the SAM with the more realistic actua l use

vibratio n environment. The random vibration level recommended by a r*jority of

the data base reports is in the range of 0.15 G2/Hz from 50 to 1,000 Ha , dropping

to .001 G2tHz at 2000 Ha.

The Hughes Aircraft Company Reportl14 “Function and Configuration Analysis

Prog ram” , provides significant detail on the description aod justification

of dynamic test requi rements for the SAN. The report states that the

dynamic test requirements should be sufficiently general ii that the module,

qualified to these requirements , could be incorporated into avionics equipment

which might be installe d in any location in any aircraft , fixed or rotary wing.

Based upon the numerous factors that influence the dynamic environment of a

module , a set of practica l requirement s for a module must be a gross simplification

of the actual environment. The Hughes Report recommends only random vibratio n

to satisfy the dynamic teat requirements. The belief is that shock and acoustic

test r equire ment s would not yield significant results • The sinusoida l vibration

test is discounted for reasons that if the sine vibration levels are reasonably

sp.cif4 ed , the dynamic effect on the module will be less severe than the

recomme nded random vibration.

Al.]. other enviro nmental tests are as specified by MIL —E—5leOOR . Howeve r ,

MIL—E—51400R is meant to be a “general” military specification , to be used as a

guide to design and teat . The procuring agency is responsible for apecif~ring

deviations to spec requirements to be consistent with the avionics environment

exposure.

6-2 
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I Conformal Coating is required on the modules to satisfy the h~~idity and

salt spray test requirement s of MIL-E-51400F for ceramic parts. These components,

in particular, are very sensitive to moisture adsorption and are required by

J paragraph 3.1.15.1 of MIL-E-5~e00F to be sealed and moisture proofed. For Army

procurements, all wiri ng assemb lies, includi ng multilayer , are required by

[ requirement 17 of Mfl~-S1T)-1e524E to be conformally coat ed. To satisfy huaidity

- 
and salt spray requirements without confor mal coating each module, the modules

- 
I would have to be assembled in hermetically sealed units, which is not consistent

with the maintainability concepts for military aircraft especially VSTOL . The

proposed use of the modules in environmentally controlled cabinets or racks

‘which may be opened to the environment at the “0” level exposes the modules

- 
to salt-sea air. The conformal coating of the module with thicknesses less

- I than .003 inches will, have no appreciable adverse affect on convection cooling

of the module if that cooling method ii used.

- ii
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Listed below are recommended Environmental Qualification Test Require ments

for the Standard Avionics Module:

Temper ature MIL—E—5i400R - Pare. 3.2.214.1 - Class 2

Altitude MIL—E—51e00E — Para . 3.2.21e.2 - Class 2

Temperature— MIL—E—51400R — Pare. 3.2.21e.3 — Class 2
Altitude Combine d

Humidity ~W..~E~51e0~~ — Pare . 3.2.214 .14 - Class 2

Vibration Random only : 0.15 g2/Hz
50 - 1000 Hz : 3 Hrs/Axis

Salt Atmosphere MIL—E—51eO0R — Pare . 3 .2 .214 .9

~ cplosive Cond itions MIL—E—51400R — Para . 3.2.214.10

The test procedures for the above teats shall be per MIL—T—5 1422 for the

Navy, and MIL-STD—810 for the Air Force and Army.
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6.2 fl4C Considerations

The standard avionics module concept as part of an overa ll int egrated rack

provides for some interesti ng fl4C considerations. With an attitude of “it can

be done but a cautious approach is necessary”, the following observations are

offered:

Thevenin’s or Norton ’s equivalent circuit concept is not sufficient to

• control the DtC enviro nment to the point necessary for predictable performance

if there is more than one supplier per module. It Will be necessary to specify

circuit/component Locations and orientations for each SAN to be sure boards

with the same function will behave the same way in an ~24 envi ronment if they

are suscept ible to ~~, or will create field intensities in the sane areas and

with the same levels if they are emitters of flIR . This possibility for variance

exists especially for discrete components, but cannot be neglected for LSI or

even VLSI. Even a sub-miniature transformer, for example, will react quite

differently if re-oriented 90° in the same magnetic field.

The SAM concept obviously can be made to work if sufficient ly stri ngent

DtC requirements are imposed on the supp liers and verification is completed

early enough In the program. This concept, however , is not cost effective .

A more viable approach is to use a combination of re asonable specification

requirements , computer analyses , and segregated or compartmentalized areas for

8*14’. of the same F~4C classification. An example of how this could potentially

be Implemented follows:

MTL-8’i~-ls61/I$62 requirements and tests could not be implemented per se

The basic concept of controlli ng conducted and radiated emanations and

susceptibIl ities is necessary, however, and will have to be achieved . This

I
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will involve preparing a new set of specIfications along the following guide

lines:

o A government /industry developed power bus emissions limit could be

used to define the limit of which a SAI l could emit or be subjected.

For simplicity sake, this should t.e a time-domain type specification

and this type data could be gained in early breadboard stages in-

expensively and therefore incorpo rated into the analysis phase in

a timely manner.
o It is possible today to use computer techniques to analyze a

large n~~ber of SAM—type installations connected to a common bus

and analytical techni ques that will be available in the 1980’s

will be much more powerful . Figure 6.2-1 illustrates a possible

model for this approach. If the power source for the SAN ’ . were

a true voltage source, i.e., zero Int ernal impedance, there would

be no bus impedance coupl ing , obvious ly. Since a finite impedance

does exist , however, some coupling will exist between the various

modules. Computer codes are available that will predict the amount

of coupling that will occur and the amount of decoupling necessary

to achieve compatibility.

o Radiated environments compat ibility could be achieved by classifying

SAN ’. according to whether they are int erference sources or they are

susceptible to interference and segregating the same classes into the

same areas of the integrated reeks. This technique is presently used

in cable rout ing and connector pin classificat ion to a good degree

of success.

o Present MIL-STD-1e62 radiated emission and susceptib ility test nethods

could be used with relaxed levels. It is rec~~~ended, however, that

e.ch SAM be required to meet only one , pos sibly two , of these method s

i to obtain early, inexpensive results.
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6.2.1 Anticipated V/STat Environment s

9ased on the A-7E background, previous RFP’a , and recent customer contacts ,

the following envi ronments are expected to be applicable to V/STOL design.

~ .ectromagnetic Pulse (E?.)~~ - This is a transient phenomenon caused by interaction

of nuclear radiation (such as gamma ray ) with the air. It is a pulse of very

short duration but one of very large amplitudes. It is expected V/STOL require-

ment s will be specified as 50,000 volts per meter peak for an exo-atmospheric

nuclear event. This will typically produce skin currents on the order of

several thousand amperes on an aircraft of V/STOL size.

flect romag~1etic Vulnerability - V/STat design ‘will require compliance to

!4TL-HD3K-235 (classified) levels which include carrier deck environments.

These levels include both continuous wave (ow ) and pulse fields of very high

amplitudes .

Lig~itnIng - Much work is present ly being done in the USA and the United Kingdom

in defini ng amplit udes and ‘waveforms • The exact requirements for the V/sTat

time frame is difficul t to define at prese nt , therefore , but expected amplitude

maximums vii]. be between 200,000 and Z~00, 000 amperes.

Hazards of Electromagnetic Rad iation to Ordnance (H~~O) - The V/STaL weapon

systems WUl ultimately be tested at the Naval Surface Weapons Center to certify

that it is safe for carrying ordnance devices. These tests wil l cover the

frequency range of 0.25 MHz to 10 0Hz and varies in amplitude from 1-300 V/m , ow ,

up to 32 MHz, and 0.01 to 150 milliwatts/c~n
2 for frequencies from 225 MHz to 10

0Hz.

Static Electricity - An airframe can be subjected to hundreds of thousand volts

potential difference with respect to the surrounding air or isolated , ungrounded

areas ‘within the airframe. This voltage can be caused by triboelectric conditions ,

fluids flowing in or over a surface. Effects L&fl ran*.e from static annoyances

6~~ 
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I
in co,mnunication equipnent, damage to wind shield and electrical components,

detonation of explosive devices, to personnel shock.

Secure Speech Requirements - Cryptographic communication capabilities ‘will be

required for the V/STaL and NSA requirements will, be enforced . Very substantial

isolation between coded and clear signals will be required, therefore, if such

functions are incorporated within the rack assembly.

Nuclear Environments other than ~~~ -

o Tra nsient Radiated Effects on Electronics (ThEE) - Particle radiation

levels are generally classified for a particular application, but V/STat require-

ments will probably include neutron fluence values of io12 n/cm2 and prompt g a a

dose rates of lO~ rads/sec.

o system Generated D~ (SGfl.)~~ caused by ionizing radiation interaction

with system materials ‘will probably not be defined separately from the EMP and

TREE environments but ‘will have to be considered in the overall, combined effects

of the system response to a nuclear event.

o Blast and Thermal Effects - These effects are attendant with any

nuclear event. Effects on SAM ’s are expected to be no different than present

design techniques, however, except that larger volumes are involved which ‘will

respond to vibration and shock loads differently than a smaller wilt.
- 

- 6.2.2 Application Guide Lines

An integration contractor will, be necessary to assemble data, perform

analyses and verification tests at the integrated rack level, and also to

determine rack interface requirements. Aircraft design considering the specified

environments must be implemented early in the design stages using the following

guidelines:

o Use a single point ground concept for the overall airplane design.

This makes sense especially ‘with the extensive use of composites anticipated

6-9

:uT::I:: ~~~ci -

~ _
:~~~~~~~ ; - - -



In the aircraft. In practL’r , there may be more than one such ground , but they

should be kept to a minimum . The signal ground , or a principal one, should be

In the integrated rack area , i.e., close to the principal computer(s).

o Separa te and balanced powe r lead s should be used , i .e. ,  do not share

a common return , and should be routed as twisted pairs. This minimizes EMP and

F.MV coupling and will reduce the protection required at the rack level.

o Signal and control leads should be routed as twisted shielded pair ,

generally speaking , and an overall braid will be required on the most sensitive

wires.

Integrated rack design should consider the following :

o Interface circuits should utilize fiber optic design to the max imum —

extent. This ‘will greatly reduce the possibil i ty of EMP , EMV and all farin a

of EMC from entering the rack assembly.

o Integrated rack enclosure will have to be of a metal design to provide

the shielding necessary for  EMP and EMV environments. Ionizing radiat ion ef fec ts

on the enclosure material will have to be considered In l ight of SGfl.~ generation .

This phenomenon will have to be included in the overall analysis to cover

synergistic and combined effects.

o Power line and other interface wires that cannot be designed to use

fiber optics or optical couplers will need adequate filtering, other protection

devices such as zener or i’ransZorb’ clamps , or a combination of techniques to

prevent EMP from entering the rack. A certain amount of terminal protection

‘will be required at the SAM level.

o The integration contractor should collect and provide up-to-date data

base information to SAM suppliers so they can choose components that will meet

applicable ion iz ing radiatic ’n envi ronment s .

* TransZorh is a registered trademark of General Semiconductor Industries , Inc. 
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7.0 CONCLUSIONS

This study has reviewed the data and information accumulated during several

previous studies performed by other companies and government ogranizations. The

various ractors which affect the size of the module have been analyzed and

conclusions reached on each factor. These intermediate conclusions are:

Functional Commonality - The packaging concept should provide for a

max imum of 30 IC’s per module to achieve any savings in tota l

ownership cost.

Connector - The number of pins required to electrically interface the

module into the system can be estimated by the relationship ;

p E NS

where 0.58>r>- 0.52 
-

The connector type should be the NAFI blade and fork with 0.1 inch

pi n spacing .

Integrated Circuit Packaging Technology - Present technology is l1~-i6

pin IC with an average of approximate ly 18 gates per IC. The 1985

technology is projected to be a 140 pin IC with an averag e of approx-

imatel,y 100 gates per IC. The dual-in-line package will be more widely

used than flatpacka. The chip carrier packag e can provide a higher

gat. density packag e.

Weight and Volume Constraints - The module active area should be greater

than 10 square inches (more th an 20 dual-in-line IC’ s) to minimize

effect of overhead volume .

Thermal Considerations — Thermal conduction requirements can be satisfied

within si z e limitations set by- IC count using DIP packaging.

Built-In-Test - The inclusion of BIT Increases the complexity and size

of a system by 15 to 25%.

7-I
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Reliability - The module should contain 27 or less 114-16 pin IC’s using
0‘rrL logic with maximum junction temperatures of 105 C. With junction

temperatures of 85° C, the maximum number of 114-16 pin IC’s can be

increased to 30.

By- compar ing these intermediate conclusions with preliminary partitioning

information , a module capability of 30 i14 to 16 pin dual-in-line integ rat ed

circuits with a 100 pin connector was established. The mechanical deve1o~~ent

of this module resulted in a 14 inch (height ) by 6 inch (width) module which can

be installed on ~~~ inch centers . This module is designed to withstand the

antic ipated environmental requirements and is capable of dissipat ing approximately

15 ‘watts of power by thermal conduction to the housing. The resulting module

compares favorably , both mechanically and functionally, to other modules described

in the Dat a Base and Reference reports.
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8.0 REC~ .Q~~ DATIONS

In the process of performing this study several areas of concern in the

establishment , implementation and maintenance of a successful standard avionic

module program have been identified. These items should be resolved prior to

the initiation of the design of any module or the specification preparation for

systems ‘which are to use the SAM concept . These issues are:

a. 
_______ 

- A thorough analysis of the system requirements for

protection against the effects of EMI/DtP/EMV is required. An attenuation budget

should be established for each phenomena for the aircraft skin , for the avionic

enclosure and for the individual module. In addition, typical environments

experienced on a module—to-module basis for electromagnetic radiation, susceptibil-

ity, conduct ion, etc., should be established for the board spacings to be used in

the SAM program. Each board must be controlled, by specification, similarly to

the requirements of Ml1-STD-1461/1462 presently used for individual equipments.

Th is includes consideration of power line ripple, power transients, etc. It

is recoemended that this area of concern be resolved by a program to ( 1) analyt-

ically determine the design requirements for the overall system, the rack

enclosure and ind ividual modules , (2) design , construct and test a typical SAM

subsystem mounted in a rack enclosur e and (3) prepare !241 Specifications . The

subsystem utilized for this demonstration should include those circuit types ‘which

generally create problems from an EMI standpoint, such as , power supplies, inter-

face data receivers and transmitter. , et.~~.

8-1r
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b. Maintenance Philosophy - The maintenance philosophy for all systems

using the SAM concept must be established prior to the initiation of design of

any standard module or system utilizing the standard module. Decisions must be

made on the built—in-test concept which is to be used. It must be remembered

that a module designed under one maintenance/BIT concept may not be capable of

use under another maintenance/BIT concept. It is recommended that a program be

initiated to prepare a detail specification for the maintenance and BIT require-

ments for the overall avionic system, individual systems and individual modules.

This document should define what portions of BIT are to be accomplished in

hardware , what portion is to be accomplished in software, and if fault isolation

techniques such as visual/audible indicators, are to be used.

c. Environmental - The effects of exposur e to the anticipated thermal,

vibration , humidity, and salt-sea atmosphere on the SAM design concept should

be evaluated. It is recommended that a test program be initiated to perform

environmental tests , on an engineering basis, on an avionic rack containing a

typical subsystem. This rack should simulate to the best extent the design

concepts to be used in a typical SAM installation. This program could be part

of and an extension of the EMr/~~~/ EWl testing described above. The test

program should be of such length and intensity to thoroughly analyze the long

term, as weU as short term , effects on the equipment.

2
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The following thermal calculations are based upon cooling a single six

inch by four inch epoxy fiberglass board by conduction only. This is accomplished

by the lamination of aluminum strips on the board to transfer the heat from the

board components to the side ‘wall through a locking retainer. Thermal cal-

culations have been completed for three different board conf igurations : thirty,

sixteen pin IC’s; twelve, twenty-four pin IC’s; and six, forty pin IC’s. The

connector used in all three configurations is the NAFI blade and fork with 100

pins on 0.1 inch centers. The overall connector width of 5.14e inches is one

of the determining factors in the final configuration 6 inch width of the module.

A minimum of 0.25 inches is required along each edge of the module to install the

locking retainers . Table A-i provides both the design requirement s and the

total power dissipation capability for each module configurat ion . The maximum

gat e junction temperature for all cases is 105° C with a temperature of 710 C at

the surface of the housing.

Thirty IC Module

The following calculations are based upon installing thirty, sixteen

pin, dual-in-line packages (nips) as shown in Figure A-i. The aluminum

conducting strips are 0.25 inches in Width by 0.05 inches thick. The DIPS

are installed on the board with an 0.001 inch film of thermal Joint compound

between the component case and the aluminum conducting strip to decrease the

gap resistance. The calculations are based on one-half of one row of’ DIPS

and assume that the middle DIP divides its power dissipation equally with

one-half of the total going to each side vail.

From Table A-i, the total power dissipation required for this

configuration is 10.68 watts.

10.68 watts • 0.356 watts/D IP
30 DIPS

A-i 
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Total Power Power
Dissipation Dissipation

Total Required Cap ability
IC ’ s I/O Count Gates /IC Gates MW/Gat e (watts ) (watts )

30 16 17.8 531e 20 10.68 2.0.96 1
12 24 ieO 480 20 9.60 12.6

6 leo 100 600 20 12 .00 13.35 1

I

Power Dissipation
Requirement s & Capability -

TABLE A-i

A-2
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each SAM be required t~ meet only one , possibly two, of these methods

I to obtain early, inexpensive results.

6-7
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The thermal model used in the analysis of this c~~figur ation is shown in

Figure A-2. The calculations follow:

,Gt 
*9c-al • (— ~— ) x 2

— , 55°C in. x .001 in.
- 2 ~ x 2watt .212 in

0c-al 0.518°C/watt

C1 - 25°C/watt + 0.518°C/watt

- 25.518°C/w*tt

DIP length - 0.85 inches

Space between DIPS 0.27 inches

Edge Distance (Dip to locking retainer) - 0.125 inches

L

(.85 + .27) in. (12 in.) (3.L~13 STIJ/watt hr)°C
2 116 BTh/ft °F hr ( .25 in) (.05 in) ft .  (l.~3~’F)

145:87 = 17.57°C/watt

a = 17.57°C/watt

~(.85) + 0.125 (12) (3.1413)
a 

2.61

a 8.63°C/watt

* Factor of 2 from A}LAM Heat Sink Application Handbook, page ~3 (Reasons 14 & 5).

A- 14
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Ti ~~~~~ T~ 

71 C

eL~ 
86 e7

.t~’9~ .1~’8w .53L~ .890w
H —~~- ,‘

•
1 

- 93 95

~ ~JC 
+

— 25°C/watt

Cc-al =

where

= Resistivity in 0C in./watt

(thermal joint compound) = 55°C in./watt

t — thermal coumpound thickness - inches - 0.00/in

A a Area of DIP - (.85 x .25) = 0.212 in2

FIGURE A-2
Thermal Model

30 - 16 Pin IC Configuration
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Solving for 0.7 using the locking retainer, requires calculation of the

pressure existing between the retainer and the housing surface. This is

accomplished as follows:17

P =
Ad

‘where P = pressure, psi

n - number of screws

E working torque (in. ib)

A — mounting interface area - in2 (14.0 x .225)

d = screw diameter - in.

p = — 1e62 psi

From curve for screw mounted with no mica insulator:

9.7. = .65°C 1n2/’watt

07 = .!. = .7220C/watt

07. = .722°C/watt (14.0 in)

9
7 

- 2.89°C in./watt

For a board height of 14.0 inches with 6 rows :

= .667 in./row

97 = 

~~~~~~~ in = 14.33°C/watt

= OP

105 - fl a G,~ ( .356w )
= 105 — 25.518 (.356 )

fl 95.920C

A-6



T i - T 2  = 
~~2 

(.178w)

T2 = 95.92 - 17.57 (.178) -

T2 - 92.79°C

T2 - T3 = 014 ( .534w)
T3 = 92 .79 - 17.57 (.534)

T3 a 83.141°c

T3 - T14 % (.89w )

= 83.141 - 8.63 (.890)

— 75.73°C

- TA = 07 (.89c~i)

TA = 75.73 — 14.3~~ (.890)

TA 71.88 C

Tb determine approximate total power dissipation available for module

A T = OP1

with P1 = power dissipation per IC

AT — o,1~p1 + o2( .~ pi) + 014(l.5p1) + 96(2.5p1) + 07(2.5P1)

105 - 71 = (25.52 + 8.78 + 26.35 + 21.58 + 10.82) x P1

P1 a 0.365 watt

~board 
= 0.365 watt x 30 DIPS = 10.96 watts (

Twelve IC Module

The configuration for mounting 12~214 pin IC’s is shown in Figure A-3 with

the thermal model shown in Figure A-14.

The aluminum conductin g strips for the module are 0. 140 inches in width by

0. 05 inches in thickness.

Prom ¶rabie A-i, the total power dissipation required is 9.60 watts.

9.60 watts 0.8 watts/DIP

A-7 
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105CC

I
~.8W 9

3 
.8W

lock ing
retainer

TA *ul°C
£ -___

~~~~~~~
‘
-

~~~~~~ 
‘\/N ~ T3’T i T2

9JC + 9c-a1

. 7.37°C/watt

,ot
— ( - .r-)z2

9ca l  - ( “ ?~~~ X 2 .152°c/watt— 7.37 + .152 — 7.52°C/watt

DIP length - 1.2 inches

Space between DIPS - 0.82 inches

Edge distance (DIP to locking retainer) - 0.125 inches

FIGURE A-1e

Thermal Model

12 - ~~~~ Pin IC Configuration
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Calculations for the heat dissipation capability follow:

L
-

— 
(1.2 + .82) (12) (3.1413)

2 (116) (.4)(.05) (1.8)

19.81°C/watt

ICA

014 — 1(1.2) + .125 (12) (3.1413)
(~.i.6 ) (. 14) (.05) (1.8)

014 - 7.11°C/watt

From prior calculations

C for locking retainer = 2.89°C in/watt

Roard Width 14.0
No. of Rows = = 1.0 in~row

2.89°C in
5 l in watt

05 - 2.89°C/watt

- OP

1 05 — T i  — 01 (.8w )

Ti - 105 - 7.52 (.8)

Ti - 98.98°C

T l - T 2  —

T2 a 98.98 - 19.81 ( .4)

T2 91.06°C

T 2 - T 3  = 04 (1.2w )

T3 = 91.06 - 7.11 (1.2)

T3 - 82.53°c

A-lO 
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T 3 = T A = 95 (1.2w )

— 82.53 - 2.89 (1.2)

TA - 79.06 C

Total power dissipation available

~~~~~: : 
~~~1 

+ ~~(.spl) + ~~(i.~~i) + 05(l.5P1)

10 5- 7 1  - (7.52 + 9.90+lO.66 + le.33)xpl

P1 - 1.05 watt

I ~board * 1.05 watt x 12 DIPS — 12.6 watts

Six IC Module

The configuration for 6-214 pin integrated circuits is shown in Figure

- : 1 A-5. The thermal model for this configuration is shown in Figure A-6.

The aluminum conducting strips for the module are 0.5 inches in width by
- 

0.05 in. thickness.

From Table A-i, the total power dissipation required is 12.0 watts

12.0 watts a 2 watts/DIP

The calculations for this configuration follow:

L i

LI

i i

A-li
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2 watts 2 watts

- 9JC~~~
0c-a1

9.ic 14.142°C/Watt

9c-al = ~ 
“ ~~~~~~~~~ ) x 2 - .0916°C/watt

- 14.1e2 + .092 - 4.512°C/watt

DIP length - 2 inches

Space between DIPS - 1 inch

Edge distance (DIP to locking retainer) - 0.100 inch

Thermal Model
6 - 1.0 Pin IC Configuration

— FIGURE A-6

A-13
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L

9 
(i + .10) (12) (3.413 )

2 
— (116) (.5) (.05) (1.8)

a 8.63°C/watt - ‘

Prom prior calculations

9 for locking retainer - 2.89°
C in/watt

Board Width — !~.:.2, - 1 33 in/rowNo. of Rows 3

2.89°C in
3 

- 
1.33 in watt

9
3 2.17°C/watt

4

A-11. 
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L

A T  - OP

105-Ti a 91 (2w)

Ti - 105=14.512 (2)

Ti — 95.98°C

T 1- T 2  =

T2 — 95.98 — 8.63 (2 )

T2 - 78.72°C

‘12-TA - 93 ( 2w)

TA — 78.72 - 2.17 ( 2 )

TA - 74.38°C

Total power dissipation available

A T  - OP

A T = 01P1 + 92P1 + 93Pl

105 - 71 — (4.51 + 8.63 + 2.17) x pi

P1 — 2.22 watts

1’board * 2.22 watts x 6 DIPS - 13.35 watts

A-15
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Birtcher Cl ip Thermal Analysis

The following calculations are presented to indicate the advantage in

using the locking retainers in place of the Birtcher clips for sidewall heat

transfer. Only the power dissipation capability based upon 30 D IPS installed

on 6 inch by 14 inch gl&ss epoxy board with aluminum strips and Birtc her clips

to transfer heat from the module components to the sidewall will be calculated

since , from Table A-i, the power dissipation capabiltiy using locking retainers

has been determined to be 10.96 watts.

From prior calculations for 30 DIP module:

~1 
- 25.518°C/watt 

~2 
- 17.57°C/watt

04 = 17.57°C/watt 
~~6 

- 8.63°C/watt

Solving for 0.7: Birtcher clip resistance

The Birtcher clip thermal resistance is 11.1°C in./watt from the IBM

report .9

Board Width 14.0 in. /
No. of Rows = 6 - 0.667 in.~ row

07 - 
11 .1Cm.  

= 16.64°C/~~tt

a

105 - 71. C1(Pl) 0
2

(.5 P l ) + O4(l.5pl ) + %(2.5P1) + 97(2.51’l)

314 — (25.518 + 8.78 + 26.35 + 21.57 + 14i.6) P1

P1 * .2714 watt

- .2714 watt x 30 D IPS - 8.21. watts

This is a reduction of approximately 25% in power handling capability for

the module and does not provide the required Power Dissipation capab ility of

10.68 watts.

A-16 
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The aluminum strip width of 0.25 is considered acceptable for the following

- - I rea sons : The pin spacing on DIPS is 0.30 in. The hole size for the pin leads is

0.025 in. diameter. Thi . would leave 0.012 inches between the edge of the hole

and the aluminum strip. In addition , the aluminum strips will be anodized,

making them non-conductive.

A-17
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Chip Carrier InstallatIon

Conclusions reached in the General Electric Company Report “Modular

Avionics Packaging (MA.P)”~
8
, are that chip carriers (cc) will replace dual

in—line packages (DIPS ) as the packaging standard by 1985. Figure B-i illustrates

- 
~- the proposed 6 inch by 14 inch module with 30, 16 pin chip carriers mounted on a

ceramic substrate and attached to an aluminum frame. Interconnection to the

module is accomplished through a standard two-row, 100 pin connector. The 100

pin connector effectively pin limits the quantity of ch ip carrier n to app rox-

imately 30 IC’s of 18 gates each for a total of 5140 gates. The aluminum frame

is used for conduction cooling of the chip carrier~ to the sidewall thru locking

retainers. Power dissipation capability for this configuration is 114.147 watts.

For a minimum board height of 2 inches, the power dissipation capability for

the 30 chip carriers is 11.143 watts. Figure B-2, presents the power diasipati~n

capability of this type of module as a function of module height. Thermal

calculations for the 6 inch by 14 inch module are presented below for the thermal

model of Figure B-3.

These calculations are based upon the use of a ceramic substrate for

mounting of the chip carrier. There are other possible technologies available

for this purpose such as porcelanized steel, polyimide board, etc.. These

construction methods may also be applicable to the use of DIP’s and flatpa cks .

These various techniques have not been analyzed herein since each is a different

situation. Mounting of chip carriers on ceramic appears to be the presently

accepted method and is presented for information.
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The following calculations are based upon ~ of 1 row with dissipation

of the other 4 of the row assumed to be equal in magnitude.

Using thermal transfer characterist ics of the chip carrierl8 and a

• thermal path width of 1.07 in. 
-.

= 300 C/watt (junction to case)

~~2 - 7. 142° C/watt (case to ceramic substrate)

calculated using conductivity vslue of 0.001414 watt/ in.0 C which

is equal to

Pt
-

where t is the thickness in inches (.0014)

A — chip carrier surface area = ( •3 5
2 )

— .001414 = 227.27° C in./watt

227.27 (. 0014 ) 
- 7. i~2° C/watt.35 2

— .695° C/watt (through substrate)

03 was calculated using the alumina ceramic conductivity va1ue~
8

of 0.1469 watt! in.0C
Pt03 — T

— ~~~~~~~~~ — 2.13° C in. /watt

— 
2.13 ( .0 14) 

- .695° C/watt
352 

~~~~~~~~~~~~~~~~~~~~~~



I

I014 -

(.35 + .1) (12) (L1413) BTU/watt hr °C in.
* (116 BTU/ft hr °F) (1.6 7 in) (.05 in) (T~~~) 

p

— i.6c ’c/wa tt - — —
+ .100) (12) (3.1413)

(116) (i .07)~~~ J5) çi.~j

— 1.01°C/watt

From prior calculations on the locking retainer

99 .722°C/watt x 14.0 in (Board Height )

99 = 2.888°C in/watt

Board Height 
= 

14.0 in 1 in rowNo. of Rows 3 .3

- 
2.888°C in

9 - 
1.33 in watt

09 
a 2.17°C/watt

A T  a OP

105-71 = 91p ÷ 02p + 0
3
P + 0 14p + 9

5
(PP)+96(3p)+07(

Isp) +

+ 9
9
(5P)

314 a (30 + 7.142 ÷ .695 + 1.65 + 3.3 + 14.95 + 6.6 + 5.05 + 10.85) x P

P — .1482 watt

p - .1482 watt x 30 CC — 114.147 watts maxboard

This repre~~nts a power dissipation capability increase of approximately

1.5 watts from the glass epoxy board with DIP ’s and aluminum conducting strips .
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I
Calculat ions for other board heights are performed in identical fashion

with the exception of the thermal path width and resistance calculations for

the reduced size of the locking retainer.

With the combination of the alumina ceramic substrate and aluminum f ranc,

the fundamental resonant frequency of the 6 inch by 14 inch board is 717 Hz.

This is an increase in resonant frequency over the glass epoxy board with

aluminum strips due to the increase of the board bending stiffness factor , I) .

This stiffness factor Is calculated using the modulus of elasticity of the

alumina ceramic-aluminum frame, which is greater than the glass epoxy-aluminum

strip combination. The fundamental resonant frequency of the glass epoxy-

aluminum strip combination was in the range of 386 to 5614 Hz , depending upon

exact component layout .

The alumina ceramic substrate and aluminum frame , therefore , provides a

significant improvement in the thermal characteristics and a slight improvement

In the vibrat ion characteristics of the module over the glass epoxy/aluminum

conducting strip configuration.
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